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The Green River Formation is an Eocene-aged fluivo-lacustrine system that was deposited 
across the Uinta and Piceance basins between 53 Ma and 46 Ma. Log evaluation and correlation 
through the Green River Formation is made difficult due to the heterogeneous mineralogy and 
depositional facies. Lake deposition responds to environmental and tectonic changes that 
controls both the heterogeneity and mineral complexity. The use of log curves alone has proved 
misleading when correlating into the basin where control from core is sparse.  
The collection of outcrop and subsurface data helped tie physical rock properties to well logs. 
This allowed for a better correlation of facies changes from the littoral facies that are present in 
the outcrop to the more profundal facies that are present in the subsurface. Even with the large 
amount of subsurface core data that is available throughout the basin, the lateral variability 
requires tightly space control points that is not possible with core data alone. Subsurface logs 
provide the control needed in such an environment. 
To better understand the changes in lithology moving into the basin, a combined approach of 
outcrop and subsurface rock properties in conjunction with modeling was used to predict facies 
across the Wonsits/Red Wash Field study area. The use of a deterministic model developed by 
Cluff et al. (2015), and modified by Peacock (2017), aided in the creating of a four-mineral 
model that consists of silicate, calcite, dolomite, and shale. The model relied on electric log 
curves that are commonly run in wells drilled throughout the Uinta basin making it easily applied 
across the study area.  
The model is qualitative as it does not account for borehole conditions and is not corrected 
for diagenesis. The model is used to identify large general trends in mineral volume changes 




through the entire zone of investigation and thus spacing between data points is often larger than 
the lateral extent of the highly fluctuating lithologies.  
 When applied to the lake stages proposed by Tӓnavsuu-Milkeviciene and Sarg (2017), 
distinct depositional patterns begin to appear. The mapping of mineralogical assemblages is 
closely related to the proposed lake stages with an increase in mixed clay and decrease in silicate 
deposition corresponding to overall lake level rise. Dolomite volumes also increase with lake 
level rise and make up the dominant mineral assemblage in the Mahogany zone, which is widely 
associated with dolomite-rich oil shales.  
A fluvial input source in the northeastern portion of the study controlled the deposition of 
main reservoir within Red Wash Field, which corresponds to the higher silicate deposition seen 
in both outcrop at the northern end of Raven Ridge, as well as core within the Red Wash/Wonsits 
oil field, which is directly down dip of North Raven Ridge. The producing facies within this 
reservoir is made up of deltaic sandstones and shallow lake carbonates which are encased in non-
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CHAPTER 1: INTRODUCTION 
1.1 Significance  
The lacustrine Green River Formation has been a major oil shale play in the Uinta basin. As 
more studies focus on lacustrine facies and their depositional processes, there are still major 
problems with identifying facies in downhole subsurface logs throughout the basin. This study 
seeks to employ a petrophysical model to the Uinta basin for subsurface correlation in the Green 
River Formation. 
The Uinta basin, located in the northeast corner of Utah (Figure 1.1), is part of a group of 
lacustrine intermontane basins, including the Green River basin and the Piceance basin, that are 
all filled with fluvial and lacustrine sediments deposited during the Paleocene and Eocene. 
Historically the Uinta basin has produced over 838 million barrels of oil (MMBO) in fields 
 
  
Figure 1.1: Distribution of lake system during Eocene. Modified from Vanden Berg, 2017. Red 




across the basin (Figure 1.2). Oil and gas companies continue to develop the formation but must 
become more strategic in the reservoirs they target as oil prices are still historically low. The 
understanding of how facies tracts relate to subsurface data is critical in optimizing the 
placement of future wells.   
Facies variation vary over short distances makes it difficult to predict facies in subsurface 
in the Green River Formation of the Uinta basin.  Unusual petrophysical properties of the Green 
River Formation also make it difficult to predict and correlate facies in well logs. This is the 
result of the mixed mineral composition of the reservoir rocks as well as the influence of porosity 
filling, solid forms of hydrocarbon, caused during the oil expulsion event. 
 
  
Figure 1.2: Location of major oil (green) and gas (red) fields in the Uinta basin. Generalized field 






The main objective of this study is a multifaceted approach to correlating facies and 
depositional cycles from the described and documented outcrops of Green River Formation 
along the eastern margin of the Uinta basin into the actively producing fields in the northeast part 
of the basin. A combination of climate and tectonic factors controlled the evolution of Lake 
Uinta. These factors controlled the accommodation rate and sediment influx which in turn 
dictated whether the basin was overfilled, balance filled, or underfilled with water and sediment 
(Figure 1.3) (Carroll and Bohacs, 1999; Smith et al., 2008; Keighley et al., 2003; Fouch et al., 
1992; Moncure and Surdam, 1980; Morgan et al., 2003; Picard and High, 1972; Ryder et al., 
1976; Birgenheier and Vanden Berg, 2011). 
 
 
Figure 1.3: Lake type model modified from Davis et. al. (2009) with Lake Uinta evolution 
through time using lake types by Smith et al. (2008). 
 
The overfilled, balance filled, and under-filled model accurately reflects the long-term 
changes in the Green River Formation in the Uinta basin, but does not account for the observed 
smaller-scale changes in lake level and lithofacies (Figure 1.4). These smaller scale cycles are 








Figure 1.4: Diagrams showing generalized depositional setting from Lake Uinta. Modified from 
(Morgan, 2002). High lake level facies distribution in the paleo lake is dominantly made up of 
carbonate mudstone. Low lake level facies are dominated by siliciclastic facies.  
 
The transition from basin margin fluvial dominated facies along the eastern lake margin 
into the deeper lake facies in the center of the basin (Figure 1.5) is critical to understanding the 
lateral extent of reservoir sandstone units. The proximity to fluvial feeder systems is a key 





Figure 1.5: Distribution of depositional facies in the Green River Formation in the Uinta basin 
from marginal facies into deeper open lacustrine facies. Modified from Dubiel (2003). 
 
By better understanding the vertical and lateral distribution of lacustrine facies within the 
Uinta basin petroleum system future exploration can more easily identify producing facies and 
predict the distribution of reservoirs in areas previously not explored. This understanding of 
facies distribution can also be useful in future exploration of other lacustrine systems across the 
world, including the pre-salt basins in offshore Brazil. 
1.3 Previous Work 
The geology of the Green River Formation has been a topic of interest since the discovery of 
oil in the 1800s. In the last century, an effort has been made to better understand the origin and 
depositional environment of the lacustrine system that formed these rocks. A number of authors 
(Bradley and Eugster 1929,1931; Lundell and Surdam, 1975; Moncure and Surdam, 1980; 




focused on the siliciclastics, carbonates and mudstones that make up the formation, as well as 
proposed different lake models. 
Initially Lundell and Surdam (1975) used the shallow playa lake model to explain the 
deposition of lacustrine sediments in the Green River Formation. The presence of mud cracks, 
bedded salt flats, flat pebble conglomerates, and stromatolites provided evidence that the oil 
shale was deposited in shallow waters. The playa lake model suggests that calcite precipitation 
during times of high evaporation on shallow mud flats led to high Mg/Ca ratios and formation of 
dolomite. 
A second model, classifying the lake as a chemically stratified lake, was proposed by 
Desborough (1978). He proposed that the large amounts of Ca-Mg carbonates in stratigraphic 
intervals in the depositional center of the Piceance basin, compared to the basin margins, suggest 
strongly that authigenic mineral development is more important than detrital accumulation of 
minerals in in the richer oil-shale sequences. The vertical column of water in the open lacustrine 
environment had significant chemical differences between the oxic surface water and the lake 
bottom reducing conditions at the mud water interface allowed the kerogen of the Green River 
Formation oil shale to be preserved. 
Mocure and Surdam (1980) identified the Douglas Creek Arch as a positive topographic 
feature dividing the Uinta basin and Piceance basin for most of the time the Green River 
Formation was being deposited. They proposed that the two lakes developed independently until 
the terminal stages when the two lakes became connected during the deposition of the Mahogany 
Bed. 
In 2000, Bohacs described lake basin types and how they factor into source potential and 




hence lake systems are much more sensitive to changing accommodation and climate. He also 
argued that aquatic organic matter is most important for source potential because its lipid rich 
cell membranes usually form oil prone kerogens. 
As exploration increased in the Uinta basin, reservoir characterization became a focus. In 
2002, Morgan and Chidsey studied the Lower Green River in detail. Five reservoirs including: 
Uteland Butte, Castle Peak, Lower Douglas Creek, Upper Douglas Creek, and Garden Gulch 
were extensively mapped. By examining the depositional environments of each reservoir, 
controls on reservoir qualities where determined and it was concluded that at current spacing, oil 
was left behind due to reservoir heterogeneity.  
Recent studies by Tänavsuu-Milkeviciene (2012) and Sarg et al. (2013) have looked at the 
evolution of Lake Uinta and how lake types and stages affect facies distribution and stratigraphy. 
They identified overall upward deepening cycles that occurred across the different lake stages. 
Tänavsuu-Milkeviciene and Sarg (2012) identified six lake stages in the Lake Uinta. These 
stages are: S1 Fresh Lake, S2 Transitional Lake, S3 Rapidly Fluctuating Lake, S4 Rising Lake, 
S5 High Lake, S6 Closing Lake. 
Numerous studies have focused on the eastern Uinta basin and have incorporated regional 
cross sections into the basin. The majority of the work (Moncure and Surdam, 1980; Johnson, 
1985; O’Hara, 2013; Rosenberg, 2015; Hogan, 2015: and others) has been focused on the 
Evacuation Creek outcrop. Outcrop work has been conducted further north at Raven Ridge by 
Borer, (2016). This work includes description of detailed facies and identification of high 





CHAPTER 2: GEOLOGIC BACKGROUND 
2.1 Geologic History of Uinta Basin 
The Uinta basin is a topographic and structural trough encompassing an area of more than 
9300 square miles (24000 km2) in northeast Utah (Morgan, 2002) (Figure 1.1). The basin is 
sharply asymmetrical with a steep north flank bounded by the east-west-trending Uinta 
Mountains and a gently dipping south flank. 
The Uinta basin formed in Paleocene to Eocene time and was filled by ancestral Lake 
Uinta. Deposition in and around Lake Uinta consisted of open- to marginal-lacustrine sediments 
that make up the Green River Formation. The deltaic southern shoreline of Lake Uinta produced 
the Middle and Lower Green River Formations which are known for their oil production in the 
area. More than 450 million barrels of oil (63 MT) have been produced from the Green River and 
the underlying Colton formations in the Uinta basin. (Morgan, 2002)  
The formation of this intermontane basin during the Paleocene was a result of the 
formation of the Rocky Mountains during the Sevier and Laramide orogenies. The highlands 
created by these orogenies supplied sediment to fill the basin from all directions. The middle 
Eocene regional drainage patterns caused intra-foreland basins to become dominated by inflows 
of waters from catchments with higher mean elevations that drained the adjacent hinterland and 
basin bounding uplifts (Davis, 2009). Eocene fluvial lacustrine sedimentation was a major 
component of the infill of the Uinta basin. Due to tectonic and climatic events, the lake 
fluctuated in size and depth dramatically which resulted in numerous stacked deltaic deposits 




As the Uinta basin subsided and began to take its current structural shape, the organic 
rich Green River hydrocarbon source rocks in the center of the basin were buried deeply enough 
to achieve thermal maturation. Hydrocarbons were expelled from the Green River source rocks 
into reservoir sands. Evidence for this migration can be seen in the tar sand deposits in Green 
River outcrops 48 to 80km (30 to 50 miles) to the south of Wonsits - Red Wash Field. Additional 
evidence for hydrocarbons and the pressures generated by thermal maturation of the Green River 
source rocks is provided by northwest trending gilsonite dike (Verbeek and Grout, 1993) swarms 
approximately 10 to 25 km (5 to 15 miles) to the southeast of the Wonsits - Red Wash area.  
2.1.1 Climate 
Rocks of the Green River Formation were deposited in a mid-latitude warm temperate to 
sub-tropical climate (Sewall & Sloan, 2006; Clementz & Sewall, 2011; Tänavsuu-Milkeviciene 
and Sarg, 2012) during a pronounced warming trend in the Eocene extending from 59 Ma to 52 
Ma, and peaking from 52-50 Ma (Lawton, 2008), termed the Early Eocene climatic optimum 
(EECO) (Figure 2.1). The warming was followed by a cooling trend during the middle Eocene 
that continued through the rest of Lake Uinta time. 
The deposition of the rocks making up the Green River Formation was highly dependent 
on climatic conditions and tectonic events which are thought to have initiated the opening and 
closing of the lake (Tänavsuu-Milkeviciene and Sarg, 2012). Climate related processes directly 
controlled the amount of water and sediment supply and because the sources for these are all 
external, the only way to add to the system is by an increase in precipitation caused by changes 
in local climate. 
 The scale of lacustrine systems is small compared to larger marine environments that are 




volumes of sediment and water; and are much more sensitive to changing accommodation and 
climate (Bohacs, 2000). Climatic and tectonic factors directly affected the hydrologic budget and 
thus caused fluctuations in the lake level with concurrent transgression or regressions of shallow 
water over a surface of low relief (Moncure & Surdam, 1980).  
 
 
Figure 2.1: Eocene Climate curve. EECO occurs during lake stage 2 and 3. Cooling trend with 
higher runoff correlates with rising and high lake (Tänavsuu-Milkeviciene and Sarg, 2012). Lake 
stages (l.s.) separated by Johnson (1985) and lake types separated by Smith et al. (2008). Eocene 
climate curve modified after Zachos et al. (2001, 2008); age data and correlations after Smith et 
al. (2008, 2010); rich (R) and lean (L) zones after Cashion & Donnell (1972, 1974); stratigraphy 
after Pitman (1996), Self et al. (2010) and Johnson et al. (2010). 
 
2.1.2 Tectonics 
The formation of the intermontane basins developed along the leading edge of the 
foreland basin system of the Cordilleran fold and thrust belt (Lawton, 2008).  Crustal shortening 
during the Laramide orogeny formed basement cored uplifts that separated each basin and 
isolated them sedimentologically (Dickinson, 1988). The Laramide orogeny began in late 
Paleocene, ~60 mya (DeCelles, 1995) which resulted in the uplift of the Uinta Mountains, 








Figure 2.2: Sevier and Laramide tectonics created and bound intermountain basins (modified 
from Dickinson, 1988).  
 
The four basins containing the Green River Formation are classified by Dickinson et al., 
(1988) as ponded basins. The lakes within these basins connected to make two main paleo lakes 
during this time. The northern lake, which includes the Green River basin and Washakie basin, is 
termed Lake Gosiute. The Rock Springs uplift separated the Green River basin and the Washakie 
basin when they were not connected. The southern lake, Paleo Lake Uinta, comprised the Uinta 
and Piceance basins. These two basins were separated by the Douglas Creek Arch (Beck et al., 
1988) on the western border of Colorado, which was a positive topographic feature for most of 
the time that the Green River Formation sediments were deposited. The two lakes developed 
independently until the terminal stages when the two lakes became connected during the 




During the Laramide orogeny, the uplift of the Uinta Mountains provided much of the 
sediment that was deposited in the northern Uinta basin, and influenced the asymmetrical axis of 
the basin. Frequent subaerial exposure of lake margins was due to contraction of the lake caused 
by an imbalance between evaporation and inflow of waters into the basin.  
The Absaroka volcanic field, which lay north of the Wind River uplift, was an important 
source of clastic material with unique compositional signature for the basin both north and south 
of the Uinta uplift. (Lawton, 2008). Increased tectonic activity has been suggested to contribute 
the inflow of volcaniclastic sandstones into the Greater Green River basin and which were 
ultimately transported into Piceance basin (Smith and Carroll, 2008). 
2.2 Deposition of Green River Formation in the Uinta Basin 
The deposition of the Green River aged sediment is highly dependent on the climatic and 
tectonic controls which control the rate at which sediment was deposited into the basin as well as 
the accommodation potential of the lake. The combination of these two factors played a major 
role in the facies variation within the Green River Formation as well as the complex mineralogy 
and variable interbedded lithologies of siliciclastic, carbonates, and evaporites. 
The siliciclastic deposition is dominated by fluvial influence and are sourced from the 
hinterlands surrounding this basin. These deposits are in many places made up of discontinuous 
channel bodies that are located in the littoral to shallow sublittoral zones of the lake margins. 
Progradational siliciclastic sediment interbedded with aggrading precipitated carbonate sediment 
are associated with balanced filled lakes and reflects fluctuations in the hydrologic state of the 
lake (Bohacs, 2000; Smith, 2008; Tänavsuu-Milkeviciene and Sarg 2012).  
Carbonate deposition within the Uinta basin ranges from littoral microbial buildups to 




chemistry, varying salinity levels, and can also indicate siliciclastic sediment input rates into a 
basin (Bohacs et al., 2000). Lacustrine carbonates are predominantly deposited in the balance 
filled and underfilled lake types.  
2.3 Stratigraphy of Uinta Basin 
The Green River Formation, originally named Green River Shales, was first described by 
Hayden (1869) at the type locality along the Green River in the Green River basin of Wyoming, 
to the north of the Uinta basin. The Green River Formation in the Uinta basin can be portrayed as 
a lens of basinal lacustrine rocks enveloped in marginal lacustrine and alluvial rocks with high 
frequency transitional relationships (Cashion, 1972).  
The Green River Formation, which intertongues with the Wasatch Formation below and the 
Uinta Formation above, is subdivided into five lithological members (Pitman, 1996; Johnson et 
al., 2010) and 17 rich and lean zones which have been determined based on kerogen content 
(Cashion and Donnell, 1972,1974). The five members are the Uteland Butte, Black Shale Facies, 
Garden Gulch Member, Douglas Creek Member, and Parachute Creek Member. 
Rich and lean oil shale zones identified by the USGS have been used to map organic-rich 
units and to help correlate across lake systems (Figure 2.3). There are a total of nine rich and 
eight lean zones. Rich zone 0 begins at the Long Point Bed which is often associated with the 
second widespread influx of fresh water into Lake Uinta before the lake begins to turn saline 
(Johnson, 1985). However, the first major lake growth is represented by the underlying Uteland 





Figure 2.3: Stratigraphic section of the Uinta basin subdivided into Members and Rich and Lean 
(R and L respectively) zones. Displays southern southwestern and southeastern naming 
conventions. Outlined in red are the units used in this study (Peacock, 2017). Lake stages shown 
are from Tӓnavsuu-Milkeviciene and Sarg (2012). Tuff ages are from Smith et al. (2008 and 




The sediment underlying the Green River Formation is made up of Paleocene and Early 
Eocene sediment known as the Wasatch Formation. It is made up of fluvial channels and 
floodplain deposits and intertongues with the lowest member of the Green River Formation, the 
Uteland Butte.  
The sediment overlying the Green River Formation is made up of Quaternary, Oligocene 
and later Eocene strata. The majority of these strata are comprised of the Duchesne Formation 
and the Uinta Formation. There is little to no production associated with formations above the 
Green River.  
Multiple stratigraphic naming conventions have been used by oil and gas operators across 
the Uinta basin (Figure 2.4). Because of this, there is not a unified naming convention that is 
used across the entire basin. The lack of a conventional naming system has caused confusion on 
the correlation of units from one area in the basin to another.  
 
Figure 2.4: Stratigraphic column of the Green River Formation in the Uinta basin. This chart 





2.4 Green River Lacustrine System 
Lake deposits are divided into three zones relative to the water depth and energy (Figure 
2.5). These zones include: littoral, sublittoral, and profundal (Reading and Collinson, 1996). The 
littoral zone is interpreted as the portion of the lake that is above fair-weather wave base and is 
composed of marginal lacustrine facies made up of both carbonates and siliciclastics. The 
sublittoral zone represents the portion of the lake that lies between the fair-weather and storm-
weather wave base and is made up of transitional siliciclastic and carbonate deposits. The 
profundal zone is the area which lies below the storm-weather wave base and is made up of 
deeper water oil shale lake facies.  
Carbonate wackestones to grainstones, microbial carbonates, carbonate mudstones, 
siliciclastic delta associated deposits such as mouth bars and channels, laminated mudstones and 
siltstones make up the depositional elements that are associated with the littoral to sublittoral 
zones (Tänavsuu-Milkeviciene and Sarg 2012). Within the profundal zone, laminated oil shales, 
gravitational-flow altered oil shales, and siliciclastic turbidites make up the associated 
depositional elements.   
Lacustrine depositional sequences vary greatly due to the fact that they are highly 
susceptible to small changes in the climate and tectonic environment that can cause lateral and 
vertical variability in the lithofacies and stratigraphy as observed in the progradation and 
aggradation of individual facies associations.  
Each lake cycle begins with the low lake which occurs during periods of dry climate with 





Figure 2.5: Illustration of depositional model of the Green River Formation in the Uinta lake basin. Note wave-dominated (right) and 
fluvial-dominated (left) depositional features along the basin margin in the littoral and sublittoral zone. From Piceance depositional 




sediment input in the lake. The lack of sediment and nutrients results in low productivity and 
lean oil shale deposits. As the climate changes from dry to humid, there is an increase of runoff 
that delivers increased amounts of nutrients and sediments. The beginning of the rising lake is 
characterized by extensive erosion along lake margins and increase in rich oil shales in the 
deeper parts of the basin.  As the rising lake level begins to stabilize, the lake reaches a high lake 
level that coincides with high humidity, high runoff and high nutrient input. 
Lake Uinta underwent many cycles of lake level rise and fall, driven by a combination of 
tectonics and climate (Figure 2.6). During high lake times organic-rich mudstones dominated 
deposition in the central part of the basin. These became excellent petroleum source rocks upon 
maturation. Shoreline deposits occur along the margins of the basin, and fluvial systems, 
draining the surrounding uplands, intersected the shorelines (Moncure, 1980). Shoreline and 
fluvial sediments are potential reservoirs. When the level of Lake Uinta fell, shorelines, made up 
of sand and carbonate grainstones, were deposited toward the center of the basin and overlie 
deeper water sediments.  
Fluvial systems moved out across the exposed deeper water sediments, eroding them and 
depositing fluvial sediments over deeper water lake sediments. Partial erosion of exposed older 
shoreline and fluvial sediments added to potential reservoir complexity. A rising lake level 
buried these sediments resulting in complex, narrow, discontinuous reservoirs encased in 
organic‐rich mudstones. This cycle of lake‐level rise and fall repeated itself many times, 
resulting in hundreds of feet of stacked highly complex fluvial and shoreline sediments. 
Depositional sequences and lake stages are included within different lake types in Lake 
Uinta. The three lake types are: 1) underfilled, 2) balanced, and 3) overfilled (Bohacs, 2000). The 






Figure 2.6: Six lake stages are identified and corelated to lake types within the Uinta basin. 
Within these lake stages, twelve sequences are interpreted. (Tänavsuu-Milkeviciene et al, 2017). 




accommodation rate. In underfilled lakes, accommodation outpaces the amount of water and 
sediment supply. These lakes are often associated with evaporites and thin deposits (Bohacs, 
2000). Balanced lakes occur when accommodation and water and sediment inflow are 
comparable. Overfilled lakes are attributed to low accommodation rates, and a high influx of 
sediment (Carroll, 1999). During the Eocene, Lake Uinta transitioned through multiple lake 
stages creating different types of lakes in the process. These lakes evolved in conjunction with 
the change in climate and tectonics that was occurring through the Eocene. The lake stages used 
in this study are carried over from the lake stages in the Piceance basin described by Tӓnavsuu 
et. al. (2017). 
During the initial balanced lake, two lake stages developed.  The first stage was a fresh to 
brackish lake that was influenced by the wet climate. This first lake stage was the beginning of 
the lake systems in Uinta basin and represented the first transgression of lacustrine deposits 
overlying the Wasatch Formation. The second lake stage starts at the beginning of the Eocene 
Optimum and is the beginning of the transitional lake. At the onset of this stage, siliciclastic 
input began to increase. It was also during this time that there was an increase in evaporite 
minerals in the Piceance portion of Lake Uinta (Johnson, 1981).  
The third lake stage is a rapidly fluctuating lake and developed during an underfilled 
lake. During this stage, lake conditions were highly unstable and fluctuating. The depositional 
units where highly cyclical and on the meter to multi-meter scale. As the EECO ended and the 
climate began to cool, Lake Uinta returned to a balanced filled lake. During this time, the fourth, 
rising lake and fifth, high lake, stages developed. As the climate cooled an increase in runoff 




shales began to increase. This rise in lake level increased the amount of profundal facies and 
decreased the littoral and sublittoral facies. 
The high lake stage represents the most widespread lake system. It is during this time the 
Mahogany oil shale was deposited. It is the most laterally widespread oil shale across the basin. 
It can be traced from the Uinta basin, into the Piceance basin and into Lake Gosuite.  As Lake 
Uinta transitions into an overfilled lake type, the sixth and final lake stage known as the closing 
lake stage begins.  At this time siliciclastics from the Uinta Mountains and northeast sediment 





CHAPTER 3: STUDY AREA, DATABASE, AND METHODOLOGY 
This study draws on four main types of data; well logs, core descriptions, petrographic 
analysis, and outcrop descriptions (Table 3.1). The combination of this data enables a better 
understanding of lithologic changes in the subsurface of the Green River Formation. 
Facies correlations were accomplished by extending cross sections from the eastern outcrop 
edge of the Green River Formation at the south end of Raven Ridge (Figure 3.1) west, into the 
subsurface by tying the outcrop into the subsurface using core and logs to help interpret facies 
distribution. Relating the facies to logs helps determine reservoir distribution and geometry. 
These sections will also be used to track possible changes in sediment sources from the northeast 
corner of Lake Uinta. Thin sections from both outcrop and subsurface were used to help identify 
facies from the eastern edge of the lake into the basin center. 
Well logs are used in the subsurface mapping of the area. There are over 1700 wells that 
penetrate the Green River Formation within the study area. Of these wells, over 700 have a full 
suite of logs across the Green River section. The individual logs used in mapping the subsurface 
include: gamma ray, resistivity, density porosity, neutron porosity, and photo-electric. These logs 
were also used to help determine mineral percentages. 
This study incorporates a Cluff et al. (2015) petrophysical model modified by Peacock 
(2017) in the Red Wash Field with the goal of matching facies to log response. The distribution 
of these facies are mapped out across the producing field to help better correlate and understand 






Table 3.1: Data used for this study. Wells used, sample types, and the sources of the data are 
listed. Well locations are displayed in Figure 3.1. RSWC = rotary sidewall core, UPL = Ultra 















Aurora State 3-32D-7-20 
Slabbed 
Whole Core UGS 
FD State 10-36D-6-19 
Slabbed 
Whole Core UGS 
Wonsits Valley State-117 
Slabbed 
Whole Core UGS 
Red Wash Unit 292 42-23B 
Slabbed 
Whole Core UGS 
Broadhurst #4 
Slabbed 
Whole Core USGS 
Sidewall 
TR 32-48T-720 RSWC Ultra 
TR 16-33T-820 RSWC Ultra 
TR 35-14-720 RSWC Ultra 
Outcrop Raven Ridge Outcrop Field 
 
 
3.1 Study Area 
The study area for this investigation focuses primarily on the eastern flank of the Uinta basin 
in Colorado and Utah, along Raven Ridge previously studied by Borer and McPherson, 1998, 
and Borer 2016, and west into the basin subsurface of the Wonsits- Red Wash oil fields. Several 
previous studies (Hogan, 2014; O’Hara, 2013; Day, 2013; Eljalafi,2017; and Peacock, 2017) 






Figure 3.1: Base map showing area of study with previous work shown. Orange represents 
section that will describe current study. Other lines represent past sections in area. Yellow X 
represent cores, yellow dots represent core plugs, and yellow star represents measured section. 
Wonsits -Red Wash field is outlined with black dashed line. 
 
3.2 Outcrop Data and Location 
Outcrop in this study was helpful in providing a tie point on the eastern flank of the basin 
and allowed for detailed study of the lateral variability of facies that cannot be achieved with 
subsurface data. The outcrop at Raven Ridge is part of a belt of outcrops that have been 
extensively studied; Raven Ridge in the north (Borer, 2016), Evacuation Creek (Moncure and 
Surdam, 1980; Johnson, 1985; Birgenheier and Vanden Berg, 2011; O’Hara, 2013; Rosenberg, 
2015) and White Face Butte to the south (Hogan, 2014; Peacock 2017; Eljalafi, 2017).  
The Raven Ridge outcrop is approximately 690 meters (2263 feet) thick, 28 km (18 
miles) long, 1.6 km (1 mile) wide, and is sufficiently steep to limit the amount of cover, making 





transitional facies from fluvial input to deeper lacustrine sedimentation. Borer (2016) studied 
Raven Ridge in depth, but his section at the south end of Raven Ridge has been remeasured and 
put into context with the current facies model used by Tanavsuu-Milkeviciene and Sarg (2012).  
The measured section in this study at the southeast end of Raven Ridge, along the White 
River is a complete section from the base of the Green River up through the Mahogany bed. The 
Mahogany bed will be used as a stratigraphic datum to correlate through the basin. The outcrop 
is located at the western edge of the city of Rangely, Colorado along County Road 102 and the 
White River (40°04'17.5"N 108°55'37.2"W) (Figure 3.1). The outcrops occur as large, highly 
weathered hills, and cliffs on both public and private property. Sections of the outcrops are 
generally strike-parallel, although some portions are oblique to strike. 
The outcrop description was conducted in as straight a line of section as possible (Figure 
3.2). Where it was not possible to maintain a straight line of section, the nearest laterally 
equivalent section was described. This was done by following a distinctive, continuous marker 
bed. The complete log, including abbreviated facies descriptions, is included in Appendix A. 
Lithology, sedimentary structures, organic-richness, presence of fossils, nature of contacts, and 
bed architecture at the centimeter to meter scale were described.  
3.3 Core Data 
In addition to the Raven Ridge outcrop descriptions the five cores were described at a 
similar level of detail in terms of lithology and sedimentary structures. Whole core as well as 
core plugs were collected from a total of seven wells (Table 3.1). Cores were selected based on 
availability, location, cored interval, and facies. Since the objective of this study was to evaluate 






Figure 3.2: Diagram Generalized route used when describing outcrop. Heavy dashed line is the 
lined of measured section. Relative markers have been mapped. Image is from Google Earth.  
 
coverage of the Upper and Lower Green River Formation from littoral to profundal 
environments of the Green River Formation (Figure 3.3). Core plugs and thin sections from three 
other wells were selected to provide samples in the lower portions of the of the Green River 
Formation. Samples were taken from sands, carbonates, and shales in the Green River 
Formation.  
The five cores from the Green River Formation were used in this study were: FD State 
10-36D-6-19, Aurora State 3-32D-7-20, Wonsits Valley State-117, Red Wash Unit 292 42-32B, 
and Broadhurst #4, (Table 3.1). All of these cores span a large portion of the Green River 
Formation and have comprehensive log suites which will allow for better calibration of the 
petrophysical logs. Core intervals range from 64 m (209 ft) to 142 m (466 ft) and average about 




given to sedimentary structures, fossil occurrence, facies distribution, and oil staining. 
Descriptions included grain size, lithology, sedimentary structures, and a calcite reaction curve. 
The calcite reaction curve is a qualitative curve that rates the strength of the core’s reaction with 
10% HCl in order to gauge calcite content. Core descriptions and a key are provided in Appendix 
A.  
Core plug data was also incorporated into the study to help look at changes across the 
study area related to nearby core data. Three wells with core plugs were selected; Three River 7-
33-720, Three River 7-33-720, and Three River 7-33-720. Like the whole core, these wells also 
have comprehensive log suites. The area in which the core plugs were collected contains over 
100 wells that have full suites of logs that are of the same vintage and run by the same vendor. 
This will allow for better correlation between core plugged wells and surrounding wells. 
 
Figure 3.3: Diagram displaying the location and extent of data used for this study. Oil wells are 
identified by solid green circles. Gas wells are red circles. Red star indicates White River 
measured section. Core is indicated by black star and core plugs are orange triangles Study area 
is indicated by the red rectangle.  Geological Map inset to study area map is modified from 





3.3.1 Aurora State 3-32D-7-20 
The Aurora State 3-32D-7-20 was drilled and completed by Bill Barrett Corporation to a 
total depth of 2293 m (7525 ft) in April of 2015. It is housed in the Utah Core Research Center 
(UCRC). The core spans three non-adjacent stratigraphic intervals from 2115 to 2034.8 m (6939 
to 6676 ft), 1882.7 to 1856.8 m (6177 to 6092 ft), and 1668.9 to 1653.5 m (5475.5 to 5425 ft). 
The first cored section is within the Upper Douglas Creek Member. The second is within the 
Lower Douglas Creek Member. The third section spans the Uteland Butte (Figure 3.4) interval. It 
has currently produced 42,873 BBLS of oil and 50,193 MCF as of July 2017. The well has 
gamma ray, resistivity, and bulk density logs and a full set of core photos is available. 
 
Figure 3.4: Core photos of Aurora State 3-32D-7-20. A) Wasatch Tongue sandstones and 
siltstones overlying the Uteland Butte shale. B) Organic-rich section of the Uteland Butte 









3.3.2 FD State 10-36D-6-19 
The FD State 10-36D-6-19 was drilled and completed by Bill Barrett Corporation to a 
total depth of 2644 m (8674 ft) in January of 2015. It is housed in the UCRC. The core spans two 
non-adjacent stratigraphic intervals from 2545.4 to 2430.8 m (8351 to 7975 ft) and 2186.9 to 
2156.5 m (7165 to 7075 ft). The first cored section is within the Douglas Creek Member. The 
second section spans the Uteland Butte interval and contains Wasatch floodplain deposits (Figure 
3.5). It has currently produced 13,483 BBLS of oil and 10,104 MCF as of July 2017. The well 
has gamma ray, resistivity, and bulk density logs and a full set of core photos is available 
 
Figure 3.5: Core photos of FD State 10-36D-6-19. A) Darker rich zones and lighter lean zones in 
the Uteland Bute. B) Wasatch sandstone with red floodplain mudstones.  
 
 




3.3.3 Wonsits Valley State-117 
The Wonsits Valley State-117 was drilled and completed by Gulf Oil Corporation to a 
total depth of 3187 m (10458 ft) in June of 1979 but was plugged and abandoned. It is housed in 
the UCRC. The core comprises one stratigraphic interval from 1724.2 to 1659.9 m (5657 to 5446 
ft). The well has gamma ray, resistivity, and bulk density logs and a full set of core photos is 
available. This core contains quartz rich fluvial reservoir facies deposited further lakeward 
(Figure 3.6).  
 
 




3.3.4 Red Wash Unit 292 42-32B 
The Red Wash Unit 292 42-32B was drilled and completed by Chevron to a total depth of 
1766 m (5795 ft) in January of 1985. It is housed in the UCRC. The core encompasses one 
stratigraphic interval from 1746.2 to 1636.5 m (5729 to 5369 ft). The cored section includes from 
the Black Shale into the Uteland Butte.  It has produced 2379 BBLS of oil and 52,071MCF from 
the Green River Formation as of March 2012 before being deepened to a Mesaverde gas well in 
2012. Bioturbated muds and silts as well as oil staining is present throughout the core (Figure 
3.7). The well has gamma ray, resistivity, and bulk density logs and a full set of core photos is 
available. 
 
Figure 3.7: Core photos of Red Wash Unit 292. A) Coarse grained and bioturbated sands in the 






3.3.5 Broadhurst #4  
The Broadhurst #4 core was drilled and completed by Pan American Petroleum to a total 
depth of 1798 m (5900 ft) in July of 1964.  It is housed at the USGS Core Research Center 
(CRC) in Lakewood, CO. It is composed of sections of the Green River for a combined total core 
length of 76.7 m (251 ft). It spans two non-adjacent stratigraphic intervals from 1651.1 to 1606 
m (5417 to 5269 ft) and 1452.3 to 1420.7 m (4765 to 4661 ft). The first cored section is in the 
Douglas Creek Member and is highly oil stained and contains conglomeratic beds (Figure 3.8). 
The second interval comprises a portion of the Black Shale. It has currently produced 448,125 
BBLS of oil and 164,758 MCF as of June 2017. 
 
Figure 3.8: Core photos of Broadhurst#4. Oil stained sands in the Douglas Creek Member of the 





3.4 Core Plug and Thin Section  
Three wells included in this study have core plug data taken across the Green River 
Formation: TR 16-33T-820, TR 32-48T-720 and TR 35-14-720. All three wells are located in the 
Three Rivers Field (Figure 3.9).  They were chosen to help constrain the petrophysical model in 
the field, as an abundant number of full log suites are available across the entire Three Rivers 
Field. The associated thin sections were described in detail with special attention given to grain 
type, fossil occurrence, grain sorting, and porosity. 
3.4.1 TR 16-33T-820 
The TR 16-33T-820 was drilled and completed by Ultra Petroleum to a total depth of 
1997 m (6553 ft) in July of 2014. A total of 17 thin sections, ranging from 1431 to 1965 m (4694 
to 6448 ft) were prepared. The samples come from the Upper Douglas Creek (5 samples), Lower 
Douglas Creek (4 samples), Black Shale (2 samples) and the Long Point/Uteland Butte (6 
samples) intervals.  It has currently produced 43,641 BBLS of oil and 54,165 MCF as of July 
2017. The well has gamma ray, resistivity, and bulk density logs and a full set of 
photomicrographs is available. 
3.4.2 TR 32-48T-720 
The TR 32-48T-720 was drilled and completed by Ultra Petroleum to a total depth of 2161 m 
(7090 ft) in November of 2014. A total of 24 thin sections from the depth interval of 1586 to 
2120m (5205 to 6958 ft) were prepared. The twenty-four samples come from four “reservoir 
intervals” within the Green River Formation: Upper Douglas Creek (8 samples), Lower Douglas 
Creek (4 samples), Black Shale (4 samples), and Long Point/Uteland Butte (8 samples). It has 
currently produced 23,340 BBLS of oil and 68,950 MCF as of July 2017. The well has gamma 




3.4.3 TR 35-14-720 
The TR 35-14-720 was drilled and completed by Ultra Petroleum to a total depth of   
2240 m (7350 ft) in April of 2014. A total of twelve thin sections with core depths from 1585 to 
1971 m (5202 to 6476 ft) were prepared. The samples come from; Upper Douglas Creek (3 
samples), Lower Douglas Creek (2 sample), Black Shale (4 samples) and Castle Peak/Uteland 
Butte (3 samples). It has currently produced 39,246 BBLS of oil and 82,837 MCF as of July 
2017. The well has gamma ray, resistivity, and bulk density logs and a full set of 
photmicrographs is available. 
3.5 Thin Section Preparation and Description 
Samples were collected from outcrop as well as from core and plugs. Seventy-eight thin 
sections were analyzed from outcrop. Fifty-three were analyzed from core plugs, and eight were 
analyzed from whole core. The thin sections contain samples across all of the facies and rock 
types encountered in the study are. The three localities of samples were chosen to cover both 
deep lacustrine deposits and marginal lacustrine deposits, as well as a tie point in the zone of 
transition 
The 78 field samples were collected from the Raven Ride outcrop. Specifically, 49 
samples were collected from the Lower White River section, and 29 samples were collected from 
the Upper White River section. Samples that were large enough for thin sections were slabbed 
and cut into billets for thin section preparation in the Colorado School of Mines Thin Section 
Lab. Thin sections were mounted in blue epifluorescent epoxy to indicate areas of porosity, cut 
to standard thickness (30 microns), and dyed with Alizarin Red-S for calcite identification.  
The 53 core plug thin sections were collected from core plugs across the three wells in the 




Utah. The eight thin sections from whole core were previously cut thin sections from the 
Broadhurst #4 and available at the USGS core center. High resolution images of these thin 
sections were available and used for comparison.  
All thin sections were scanned at 4800 dpi resolution for ease of comparison. Thin sections 
were also observed using a Leica DM2500P petrographic microscope, which has a camera able 
to capture high-quality petrographic images.  
The sample suite features a wide variety of lithologies, including sandstones, siltstones, 
marlstones, dolostones, and limestone. These basic rock types were described according to Folk 
(1980) for the predominantly clastic rocks, or Dunham (1962) for the predominantly carbonate 
rocks.  
The abundances of grains, matrix, and cement components listed on the plates are visual 
estimates. The average grain sizes were recorded for each thin section based on the measurement 
of ~25 random detrital grains (mainly quartz and feldspar). Some of the samples also contain 
intraclasts, rip-up clasts, and/or fossils, which are not included in the average, but sizes for these 
grain types are mentioned in the descriptions. In limestone samples that contain only minor 
quartz sand and silt with abundant allochem grains, the average allochem grain size is reported. 
Grain sorting is also indicated for the detrital grains but includes allochems in the samples where 
allochems are predominant.  
Samples were stained with Alizarin Red-S to differentiate calcite and dolomite 
mineralogy. The dolomite and ferroan dolomite are generally very finely crystalline. Ferroan 
dolomite and ferroan calcite are authigenic in origin (cements) in these samples, as is some of the 
dolomite and calcite. Appreciable amounts of detrital dolostone and limestone rock fragments, 












Figure 3.9: Cross Section A-A’ of wells with core plugs. Core plug depths and intervals are identified with arrow and 









3.6 Well Data 
For over a century the study area has been drilled and developed. Multiple oil fields have 
been identified, and these fields have a large quantity of data that has become publicly available. 
Though there is a large amount of data available, a majority of this data does not cover the entire 
Green River Formation, or the data available is not complete. To manage this well data, a 
PetraTM project was created to identify which wells contained the data needed to complete this 
study. 
Well logs are used in the subsurface mapping of the area. There are over 1700 wells that 
penetrate the Green River Formation within the study area. Commonly, a full-length gamma 
curve is available and full log suites were collected just below the Mahogany zone. Stratigraphic 
tops were identified using data at hand in all of these wells.  
Of the 1700 wells with logs available, 72 wells with a full suite of logs that included Gamma 
Ray, Resistivity, Density Porosity, Neutron Porosity, and PhotoElectric were choosen (Appendix 
B). Due to varying vintages and differing operators, the naming convention used for specific 
wells varies from well to well. To manage this, similar logs with different naming conventions 
were aliased to one common name. The naming scheme used is displayed in the log headers on 
all cross sections.  
3.7 Deterministic Mineral Model 
The heterogeneous nature of the Green River Formation makes petrophysical evaluation 
difficult. To better correlate facies into the subsurface a petrophysical model developed by Cluff 
et al. (2015) and modified by Peacock (2017) was used across the study area with the goal of 




The model was tested by Peacock using XRD data from both Bill Barrett cores used in this 
study. The methods used for calibration are explained in the following section. 
3.7.1 Deterministic Model Application 
The model employs a deterministic 4-mineral solution consisting of silicates, calcite, 
dolomite, and “mixed clay”. It does not account for any of the minor mineral components or 
individual clay species. Four log curves are necessary: gamma ray, density, neutron porosity, and 
Pe. The RHOMAA (apparent matrix density) vs. UMAA (apparent matrix photoelectric cross-
section) mineral cross plot is used to help identify the endpoints. RHOMAA and UMAA are 
calculated by the following equations (Asquith and Krygowski, 2004, Cluff et al. 2015). 
 
 Equations 1 and 2:  
(1)RHOmaa= �  − (� �∗� )/1 − � � 
(2) Umaa= ( ∗� ) − (� �∗ )/1 − � �  
where:  
ρb = bulk density (log)  
ɸND = neutron-density crossplot porosity  
ρfl = fluid density  
Pe = photoelectric absorption (log)  
Ufl = photoelectric absorption of fluid  
The RHOMAA-UMAA mineral identification plot determines the relative abundance of 
three mineral components through a ternary diagram with endpoints defined by the RHOMAA 
and UMAA values of the three minerals. Core observation and x-ray diffraction (XRD) data 




formations are quartz, calcite, dolomite, and clay (illite-smectite-mica mixture).  
To account for a fourth mineral, as the ternary diagrams can only account for 3, the 
workflow is split by a GR cutoff. For clean intervals (GR < 70 API), the quartz-calcite-dolomite 
ternary diagram is used (Figure 3.10). For shaley formations (GR > 70 API) it is assumed that 
there is no dolomite so a quartz-calcite- “mixed clay” ternary diagram (Figure 3.11) is used. 
Once calculated, a matrix inversion approach of 3 linear equations is applied for each split 
(Doveton, 1994). The results are renormalized to sum to 1 and are filtered for adverse logging 
conditions. 
If (GR <= 70)  
=8.80556 −(0.0926∗ +2.7778∗�� ) � = 5.829861 + 0.1273 ∗  − 2.4306 ∗ ��  � � � = 5.2083 ∗ ��  − (0.0347 ∗ + 13.6354) 
If (GR <= 70)  
 = 4.1720662 − (0.1043916 ∗  + 1.007919∗ �� ) �  = 5.3095752 + 0.12598992 ∗  − 2.231821 ∗ ��  
 = 3.239741 ∗ �� − (0.0215983 ∗  + 8.481641) 
 The outputs of the model consist of four minerals: volume of quartz (VQUARTZ), 
volume of calcite (VCALCITE), volume of dolomite (VDOLOMITE), and volume of clay 
(VCLAY). Once the mineral volumes have been calculated, a Vshale correction is applied. The 
final step is to use the outputs to compute a matrix-corrected grain density which is then used to 
calculate a matrix-corrected density porosity. The calculations are made at the step interval of the  











Figure 3.11: Example of the RHOmaa-Umaa “shaley” crossplot from the Schlumberger 
Chartbook (2013). This chart has been modified to show the methodology from Cluff et al. 
(2015). Clean and shaley triangle are based on gamma ray (GR) cutoffs of <70 or >70 API units 








3.8 Subsurface Mapping 
A set of 72 well logs (Appendix B) containing partial or complete sections of the Green 
River Formation were mapped across the region of interest. Lithologic picking and regional 
mapping from well logs were accomplished with the use of the computer software IHS Petra®. 
The identification of each of the Green River lithologies was completed for each of the 72 wells. 
After identification of the Green River Formation lithologies across the region, mineral 
volumetric maps, as well as a cross-section were created. 
3.8.1 Net to Gross (NGR) Mineral Volumes 
A deterministic petrophysical model was used to calculate the percent volume of silicate, 
calcite, dolomite, and mixed clay for a subset of 59 wells across the study area. Net thicknesses 
were then calculated across seven lake stage intervals by applying a range of cutoffs to each of 
the 4 minerals calculated by the mode. Final cutoffs were set at:>10% for Silicate, >15% Calcite, 
>25% Dolomite, and >50% Mixed clay. To obtain a net thickness value, each foot with a mineral 
volume over the specified cutoff was summed across the interval. Using the net thicknesses, net 
to gross (NGR) percentages were calculated and mapped to better understand changes in mineral 
volumes. This was done by taking a ratio of volume footage to isopach footage in the same well. 
All maps were produced using the same gridding method. This is helpful due to the change in 
isopach thickness from the basin margin into the basin center. True changes in the mineral 
volume thickness were not as apparent when a thin section at the margin is compared to a thicker 





CHAPTER 4: FACIES AND FACIES ASSOCIATIONS 
The detailed measured section and core descriptions are documented in Appendix A. 
Nineteen facies were identified and defined based on lithology, sedimentary structures, organic-
richness, presence of fossils, and bed geometry (Table 4.1).  
Facies are recognized based on grain types and textures, and fabrics. Rock texture is 
based upon Dunham’s classification (1962), with modifications by Embry and Klovan (1971) 
(e.g. rudstone, floatstone), and Doyle and Roberts (1988) (e.g., classification of mixed 
siliciclastic-carbonate rocks). 
Descriptions of each of the facies, an interpretation of depositional environment, photos 
of samples in outcrop and core (where appropriate) and examples of typical log character are 
summarized below, and in Table 4.1. The nineteen facies are grouped into seven facies 
associations based on lateral and vertical associations of the facies. The nineteen facies that make 
up the facies associations are described below.  
4.1 Facies Descriptions and Interpretations 
The principal reference for the facies in this study is Tänavsuu-Milkeviciene and Sarg, 
2012. This project extends their regional interpretation of the Piceance basin facies into the Uinta 
basin. Other studies (Hogan,2015; O’Hara ,2013; Peacock ,2017) have based Uinta facies on 
these facies interpretations. Facies have been modified to fit the study area at Raven Ridge and 





Table 4.1: Facies in the White River section at Raven Ridge. Facies are used after Tӓnavsuu-
Milkeviciene and Sarg (2012), O’Hara (2013), Day (2015), Hogan (2015), Hodan (2017), and 
Tӓnavsuu-Milkeviciene et al. (2017) for consistency across the basin. 
  
Facies Texture/Lithology Structure Facies 
Association 
1 Homogenous 
Mud and Silt 
Siliciclastic mud and silt Homogenous, Massive FA 2,6 
2 Laminated Mud 
and Silt 
Siliciclastic mud, silt, 
with very fine or fine 
grained sand layers 
Parallel-laminated FA 2,5,6 
3 Wave-ripple 
cross-laminated 










Silt to medium sand Sub-horizontal-lamination FA 5 






Silt to fine sand Low angle, hummocky, 
swaley cross-stratification 
FA 1 
8 Structureless Fine sand to gravel Structureless, 
amalgamated, normally 
graded, ungraded. 
Occasional rip up clasts 
FA 1,5 
9 Conglomerate Granule to pebble Massive, intraformational, 




Lime mudstone to grain 
rich bindstones 
Finely laminated, domal 
stromatolites, 









minor bioclasts; massive, 
plane parallel, cross-
stratified 





Table 4.1: Continued 
 













Parallel-laminated FA 7 




parallel-laminated in places 
also ostracod rich 





dominantly carbonate rich, 
with silt to very fine sand 
Parallel-laminated, minor 







clay-rich or carbonate-rich 

















Matrix supported breccia, 
dominantly dolomitic, 
kerogen-rich mudstone with 
clasts (mm-cm scale) 
Organic, carbonate and 
siliciclastic clasts. 
Carbonate clasts are 
homogeneous or finely 
laminated, Graded bedding 
occurs 
FA 7 
19 Tuff Very Fine to medium 
volcaniclastic sandstone 
Crudely,Swirly, Wavy 








4.1.1 F1 Homogeneous Clay Rich Mudstones and Siltstone 
The homogeneous mudstone and siltstone is dark brown and made up of massive to thick 
beds that are dominantly mud to silt size gains.   Beds range from 1cm to more than 3m and are 
commonly interbedded with other facies.  Bed contacts are  
In outcrop, this facies weathers to recessive units. Soil cover is often more than a foot 
thick and made up of completely eroded sediment, which is not always indicative of the true 
nature of the facies. When freshly exposed, F1 is mostly a brittle brown mudstone with a 
somewhat waxy appearance (Figure 4.1). In core the same brittle texture is apparent. Features are 
more readily apparent in core where F1 shows more bedding. Siliceous grains are angular to sub-
rounded and range from silt to fine sand. Mud to silt-sized feldspars are present in this mudstone 
(Figure 4.2).  
F1 is interpreted to be deposited in a prodelta environment. F2 can be found in the littoral 
to sublittoral depositional environment. The mud-sixed feldspars are likely diagenetically altered 
clay minerals and the analcime is alteration of tuffaceous material (Boak and Poole, 2015; 
Peacock, 2017). 
4.1.2 F2 Laminated Clay Rich Mudstone and Siltstone  
Similar in composition to the facies F1, the laminated facies differ in that the beds are 
thinly laminated. Laminations occur in the millimeter to centimeter scale, whereas beds can 
range in thickness from centimeter to meter scale. Intervals alternate from dark to light in color. 
Contacts tend to be gradational with other mudstone-siltstone facies. In outcrop this facies 
weathers to largely recessive slopes and is fissile (Figure 4.1). Mud to silt-sized feldspars are 
also present in this mudstone (Figure 4.2). Where F2 is found in outcrop, it underlies sandstone 




F2 can be found in the littoral to sublittoral depositional environment and are likely 
associated with distal portions of fluvial-delta input. The feldspars are likely diagenetically 





Figure 4.1: Outcrop photos illustrating facies F1 and F2. A) F1 – homogeneous mudstone and 
siltstone: shows the massive to thin-medium bedded nature of this facies and the vertical 
variations in color typical of this facies. B) F2 – laminated mudstone and siltstone facies next to 
notebook demonstrates the very fine laminations typical of these facies; the color variation is due 










Figure 4.2: Photomicrographs of mudstone (F1 and F2) that are typical of the Green River Formation. The majority of the sample is 




4.1.3 F3 Wave Rippled Cross Laminated Sandstone 
F3 consists of thin to very thin beds that make up medium bedsets. Sedimentary structures 
include symmetrical wave ripples (Figure 4.3). Truncated wave crests are apparent in outcrop, 
and mud drapes are common in core. In outcrop, symmetrical ridge and trough sets are 
common.  Beds consist of silt to fine grained siliciclastic grains with occasional carbonate 
allochems. F3 sandstones are primarily comprised of quartz and detrital feldspar grains (Figure 
4.4). Authigenic feldspars in the clay-size fraction are also present. Beds are often moderately to 
well sorted but can be bimodal when there is a presence of allochems. Facie F3 is commonly 
associated with gradational to sharp contacts with similar cross-stratified facies.   
F3 is interpreted to be made up of sands that have been reworked by wave action with lower 
flow regime oscillatory tractional deposition. F3 is interpreted to be deposited in a littoral to 
sublittoral zone, in a shoreface environment. 
4.1.4 F4 Current Ripple Cross Laminated Sandstone  
F4 consists of thin to very thin beds that make up medium bed sets that can range from 
centimeter to meter scale in thickness. Beds are comprised of silt to fine grained sands with 
minor amounts of ooids. Current ripples are identified by asymmetrical cross laminations (Figure 
4.3). Facies F4 is commonly associated with gradational to sharp contacts with other similar 
cross-stratified facies. F4 sandstones are primarily comprised of quartz and detrital feldspar 
grains (Figure 4.4). Authigenic feldspars in the clay-size fraction are also present. 
F4 is interpreted to be deposited under unidirectional flow in association with fluvial inputs 
into the basin or by wind driven currents and are interpreted to be deposited in the littoral to 























Figure 4.3: Outcrop photos showing the diversity of sandstone mineralogy in the siliciclastic 
facies. A: Plane-parallel cross-bedded sandstone (F5). B: Current Ripples (F4) in Aurora 3-32D-
7-20 core. C: Wave-ripple cross-lamination (F3), foresets are aggradational and demonstrate 






































Figure 4.4: Photomicrographs showing the diversity of sandstone mineralogy in the siliciclastic 
facies. A/B) This is a well sorted, lower medium-grained sublitharenite. Most of the grains are 
quartz (white). The principal rock fragments are chert (Ct), many of which are highly porous. 
C/D) Micas, and subangular quartz (Qtz) with organic matter (Org) and calcite cement. E/F) 
Sample contains distinct laminae of dolomitic argillaceous siltstone to mudstone (darker) and 
sandy siltstone (whiter). G/H) Most of the white grains are quartz, whereas the feldspar (Fsp)  
grains and rock fragments generally appear light brown to brown due to inclusions and slight 































4.1.5 F5 Planar Laminated Sandstones 
Thin to medium sized are beds made up of multiple lamina sets. Sets are defined by variation 
in color and thickness. Laminations are parallel to subparallel (Figure 4.3) but can be associated 
with low amplitude current ripples. Beds are generally 30 centimeters to 1 meter thick with sharp 
bases but can be as thick as 5 meters. Well sorted at the laminae scale but commonly are 
segregated to alternating grain sizes of very fine to fine and fine to medium between lamina sets. 
Most common grain size is fine-grained sandstone but can contain larger pebble sized grains. F5 
sandstones are primarily comprised of quartz and detrital feldspar grains (Figure 4.4). Authigenic 
feldspars in the clay-size fraction are also present 
F5 is interpreted to be deposited in an upper flow regime environment. Depositional 
environments are associated with sediment input at point sources as well as in foreshore 
environments.  
4.1.6 F6 Cross Stratified Sandstone 
Facies F6 consists of beds that range from 5 centimeters to 1 meter in thickness. Beds contain 
planar to low angle cross stratified sedimentary structures (Figure 4.3). F6 sandstones are 
primarily comprised of quartz and detrital feldspar grains (Figure 4.4).  Authigenic feldspars in 
the clay-size fraction are also present. Laminae are typically mm to cm in scale and moderately to 
well-sorted. FA6 is most commonly associated with sharp contacts with other siliciclastic facies. 
F6 is interpreted to be deposited in a relatively high energy environments proximal to a 
sediment source in a littoral to sublittoral zone in the upper shoreface. 
4.1.7 F7 Hummocky Swaley Sandstone 
Medium to thick beds with amalgamated sets with tops commonly truncated. Made up of 




quartz and detrital feldspar grains. Authigenic feldspars in the clay-size fraction are also present. 
Swales are typically 1-2 m in length and 10 to 50 cm thick. This facies is found only in the 
outcrop at proximal zones within the system. It is not seen in the more lakeward core.  
F7 is interpreted as deposition that is driven by oscillatory flow generated by waves during 
storms. F7 is associated with middle to lower shoreface deposition but can possibly reach higher 
in the profile as fair-weather waves in lacustrine systems may not have the power to rework these 
deposits (Borer, 2016). 
4.1.8 F8 Structureless Sandstone 
F8 consists of fine to medium gain sized beds that range from centimeter to meter scale 
beds. The beds contain no distinct depositional features. The massive beds generally have 
gradational contacts, but contacts can, in places, show scouring and be filled with gravel lags. F8 
sandstones are primarily comprised of quartz and detrital feldspar grains. Authigenic feldspars in 
the clay-size fraction are also present. F8 is most commonly found in proximal zones, and is seen 
in outcrop, and is less prevalent in distal cores.  
F8 is interpreted to be deposited by turbidity currents and gravity settling from rapid 
deposition (Renaut and Gierlowski-Kordesch, 2010) in areas with high depositional rates. F8 is 
interpreted to occur in the shoreface, in the littoral to sublittoral zone.  
4.1.9 F9 Conglomerate 
F9 consists of granule to pebble sized clasts, which can include lithic clasts as well as rip 
up clasts. They are massive in structure and generally have a matrix that is a sand rich with some 
mud. F9 commonly displays a chaotic structure with no flow features. Clast shapes vary in size 




coarser clasts are angular. Based on composition and occurrence, clasts are most likely 
intraformational derived. 
Due to the chaotic nature and grain type, F9 is interpreted to have been deposited in an 
upper flow regime deposit that is associated with gravity sediment flows and storm deposits. It is 
associated with lower shoreface deposits in the sublittoral zone.  
4.1.10 F10 Microbial Limestone 
F10 consists of an assemblage of algal buildups composed of stromatolites and 
thrombolites (Figure 4.5 and Figure 4.7E). These beds consist of very fine laminations that can 
range from wavy and crinkly laminations to domal and finger like structures. Color is commonly 
light gray to tan. Bed thickness ranges from mm to over 1 m. This lithofacies commonly contains 
rip-up clasts, microbialite fragments, and other carbonate grains within the beds. Low-relief 
domes or bioherms are found in some beds and are 10-15 cm in diameter. F10 is laterally 
discontinuous and often isolated within beds of sandstone or carbonate grainstone. 
F10 is interpreted to be deposited in relatively shallow water, as photosynthesis is 
required for growth. Growth of microbial buildups is facilitated by microbes trapping and 
binding sediment. F10 was deposited in a low to moderate energy environment in the littoral to 
sublittoral zone. 
4.1.11 F11 Non-Skeletal Packstone and Grainstone  
F11 is dominantly composed of, ooids, pisoids and peloids (Figure 4.6 and Figure 4.7 F). 
These units commonly contain quartz grains as well as microbial intraclasts. The grain size in 





Figure 4.5: Varying forms of F10 (microbial carbonates) in outcrop A) Littoral columnar 
thrombolite microbial unit. B) Stromatolite in the Parachute Creek Member likely in the 






The carbonate grains are light gray in color. Some units contain sedimentary structures including 
wave ripples and cross stratification. Many beds coarsen upward and vary in thickness from 
millimeters to over one meter. 
F11 is interpreted to be deposited in the littoral to sublittoral zone in a carbonate shoal 
environment. Coated grains are deposited in high-energy zone, which allows for oscillatory flow 
to roll the grains. F11 is associated with the other carbonate facies, and microbialite layers 
commonly cap these beds. 
4.1.12 F12 Skeletal Wackestone and Grainstone 
F12 consists up wackestones, packstones, and grainstones that are composed of bivalves, 
gastropods and ostracods (Figure 4.7 A-D and Figure 4.8). Beds in this facies often grade from 
mud-rich wackestones to grainstones that contain bedding features including, parallel laminated 
and low angle cross-stratification. The bivalve and ostracod skeletal grains are both broken and 
whole, and range from 2 mm to > 25 mm, with the average grain being about 5 mm. Siliciclastic 
quartz grains are minor and range from very fine sand to fine sand and are angular to sub-
angular. Beds thicknesses are generally between 5 and 50 cm. 
F12 is interpreted to be deposited in the littoral to sublittoral zone, in an area of low to 
medium energy. F12 generally is associated with the buildup of carbonate shoals. 
4.1.13 F13 Finely Laminated Oil Shale 
F13 consists up dolomitic mudstone that is finely laminated and kerogen rich. It consists 
of finely laminated, organic-rich carbonate mudstone (Figure 4.9 and Figure 4.10). Color ranges 







Figure 4.6: A)-Example of Non-Skeletal Limestone Facies (F11). Oolitic grainstone made up of round and elongated grains               







Figure 4.7: Photomicrographs showing F12 (non-skeletal limestone) and F13 (bioclast 
dominated limestone). A) Example of a mollusc shell fragment. Skeletal fragment in matrix of 
ostracod grains. B) Bivalve shell in very fine grained limestone matrix. C) Ostracodal 
wackestone. D) Ostracod grainstone with calcite cement and micrite. E) Ooids in microbial 
micrite matrix with microbial binding. F) Oolitic grainstone made up of round and elongated 






Figure 4.8: Examples of skeletal limestone facies (F12). A)  Gastropod packstone-grainstone. Composed of whole and broken 





richness ranges between 6 and 21% TOC (Dubiel, 2003). Laminae within beds range from less 
than 1 mm to 5 mm thick and make up beds that can be as thick as 10 meters. Beds have sharp 
contacts between laminations. This facies is interpreted as pelagic fallout of sediment and 
organic matter into an open lacustrine profundal environment.  
 
  
Figure 4.9: Outcrop of Facies F13 -finely laminated oil shale. Alternating dark and light colors 
indicate rich and lean intervals, respectively. 
 
 
4.1.14 F14 Illitic Oil Shale 
F14 is a clay rich mud rock. It is grey to brown and waxy in texture. There are minor 




organic content. Rare ostracods are locally deposited in this facies. Beds are thin to medium in 
thickness. In outcrop illitic oil shale weathers into very thin sheets. 
This facies is interpreted as pelagic fallout of sediment and organic matter into open 
lacustrine profundal environments and is an organic lean facies. 
4.1.15 F15 Laminated Silt-Rich Oil Shale 
F15 is composed of very thin alternating laminations of mudstone with silty 
mudstones.  These beds show fine parallel laminations that are rich in organic material. 
Siliciclastic silt grains commonly form lenses and range grain in size from silt to very fine sand 
and are subangular to subrounded. Bed thickness ranges from 1 cm to 1 m and contacts are 
sharp. 
These beds are interpreted to have been deposited in a profundal environment. 
Alternating laminations are deposited by a combination of pelagic fallout intermixed with 
siliciclastic input from turbidity currents and storm deposition.  
4.1.16 F16 Wavy Laminated Oil Shale 
F16 is composed of finely laminated mudstones that are kerogen-rich. The laminations 
are undulous to wavy. Beds can be single beds or made up of several beds in bedsets that are 
laminated. Bed thickness ranges from 5 cm to 50 cm. 
F16 is interpreted as pelagic fallout of sediment into an open lacustrine profundal 
environment. The undulous nature is likely the result of soft sediment deformation or reworking 
of sediment caused by sediment gravity flows from higher in the slope.  
4.1.17 F17 Soft Sediment Disturbed Oil Shale 
F17 consists of shales and silts with high organic content. The laminations within these 








Figure 4.10: A/B - Photomicrographs of finely laminated (F13) oil shales. Both photos are taken in cross polarized light to highlight 
the high amount of feldspar. The laminated organic material with distributed fine-grained inorganic minerals is typical of this facies. 




places, offsetting beds are observed due to faulting. Loading structures including flame structures 
are also observed. They are dark grey to black in color and form beds that are decimeter in scale.  
This facies is interpreted as pelagic fallout of sediment into an open lacustrine profundal 
environment. The disturbance of original bedding structure is likely the result of soft sediment 
deformation or reworking of sediment caused by sediment gravity flows higher in the slope.  
4.1.18 F18 Oil Shale Breccia 
F18 is a highly deformed oil shale that consists of pebble to coarse sized clasts that are 
supported by a mud matrix. These clasts consist of rip up clast as well as other carbonate and 
siliciclastic grains. The beds are 10-40 cm in thickness. 
This facies is interpreted to be deposited in the profundal zone, but more proximal to 
where the sediment gravity flows are initiated. This close proximity is inferred from lack of 
structure and occurrence of large clasts.  
4.1.19 F19 Tuffaceous Sandstones 
F19 consists of massive bedded light grey to brown, very fine- to medium-grained 
sandstone with distinctive convolute internal textures (Figure 4.11). This facies is composed of 
fine to medium grained volcanic ash deposits (Smith et al., 2010). Most beds are less than 10 cm 
thick. Two thicker beds termed the Curly and Wavy Tuffs are between 10 and 20 cm thick.  This 
lithofacies contains abundant silicic glass and zeolite minerals including analcime. 
F19 is interpreted to be deposits from the Absaroka Volcanic province to the north, 
beginning at about 49 million years ago (Ma) (Smith et al., 2008; Smith et al., 2010). The two 
thicker identified tuffs are most likely reworked volcanic material brought into the lake by fluvial 











Figure 4.11: Outcrop specimen of Facies Association F19 tuffaceous sandstone. This sample is 




4.2 Facies Associations and Interpretation of Depositional Environments 
Facies associations were developed using facies’ interpretations and stratal relationships. A 
total of seven facies associations are identified in this study. A complete list of facies 
associations is summarized in Table 4.2. A depositional model for these facies associations can 
be found in Chapter 1 (Figure 1.4 and Figure 1.5) as well as in Chapter 2 (Figure 2.5). 
4.2.1 FA1 Shoreline Mudstone 
FA1 consists of fine grained muds. These muds are associated with calm waters. Ostracod 
grains are abundant in this facies association. FA1 occurs in both outcrop as well as cores. It is 
laterally continuous and can be traced for hundreds of meters in outcrop. It is commonly 
associated with carbonate facies, including grainstones, and packstones that contain ooids and 
ostracods.  This facies association can also be found interbedded with fluvial deltaic deposits.  
That facies that make up this Facies Association 1 are: F1 – homogeneous mudstone and 
siltstone, F2 - laminated mudstone and siltstone, F10 – microbial carbonates and F12- skeletal 
limestone. FA1 association forms beds up to 0.5 m thick that are commonly laterally continuous 
but can regionally continuous in areas. Where microbial limestones are observed, they typically 
form thin beds that are very finely laminated. This facies association occurs in all of the cores 
examined and is common at Raven Ridge. 
4.2.2 . FA2 Shoreline Sandstone 
Facies Association 2 consists dominantly of shoreline sandstone deposits made up of 
siliciclastic facies that contain sedimentary structures indicative of wave currents. The facies that 
make up this association include: F6- cross stratified sandstone, F7 hummocky swaley sandstone, 
F8 - structureless sandstone, and F9 - conglomerate. This facies association is most apparent in 




Table 4.2: Facies Associations identified in the White River section at Raven Ridge measured section. Facies modeled after Tӓnavsuu-




Member Facies Description/Main features 
1 Shoreline 
Mudstones 
F1, F2, F10, F12 Shoreline Muds consist of fine grained muds. These muds are associated with calm waters. 
Associated with FA2 and FA5 
2 Shoreline 
sandstones 
  F6, F7, F8, F9 Consists dominantly of shoreline sandstone deposits made up of dominantly of siliciclastic 






F11, F12 Carbonate Shoals are a marginal littoral deposit of carbonate grainstones and packstones. The 
deposits are composed of ooids, oncoids, pisolites, ostracods, bivalves, and intraclastic 
carbonates. Associated with FA4, FA6, and FA7 
4 Microbial 
Carbonates 
F10, F11, F12 Carbonate deposition by microbial organisms such as cyanobacteria. Forms mats, and domes. 
Associated with FA3, FA6, and FA7  
5-1  Mouth bar F2, F3, F4, F5, 
F6, F8, F9 
Gradationally based (wave dominated) or sharp based (fluvial-dominated), laterally continuous 
sandstone bodies. Associated with FA 2, FA 5-2, and FA 5-3 and FA6  
5-2 Channel F2, F4, F5, F6 Laterally discontinuous bodies of sandstone or heterolithic sandstone and mudstone. 
Associated with FA 2, FA 5-1, and FA 5-3 and FA6  
5-3 Turbidites F2, F3, F4, F5, 
F6, 
Sharp based, upward fining units. Associated with FA 2, FA 5-1, and FA 5-3 and FA6  
6 Littoral to 
sublittoral 
siliciclastics 
F1, F2, F3, F4 Mudstones or sandstones, where sand rich deposits formed in the proximal portion and mud-
rich deposits formed in the distal portion of the areas with higher siliciclastic input. Associated 
with FA 2, FA 4, and FA7  
7 Oil shale F13, F14, F15, 
F16, F17, F18, 
F19, F20 
Finely laminated organic rich oil shale representing deep lake environments. Associated with 





common in core as the lake begins to transition into deeper facies. This facies association can be 
comprised of multiple packages and can be over 3 meters thick in outcrop.  
FA2 is deposited in a high-energy environment at the lake margins (Renaut and 
Gierlowski-Kordesch, 2010). The well sorted fine-grained sands indicate that energy was high 
enough to remove the finer grain material and effectively wear down coarse material with 
consistent wave action and currents. The cross bedding, ripples, and swaley structures apparent 
in the facies association are indicative of shoreline deposits and higher energy environments 
4.2.3 FA3 Carbonate Shoals 
Carbonate Shoals are a marginal littoral deposit of carbonate grainstones and packstones. 
These grain-supported carbonates are composed of ooids, oncoids, pisolites, ostracods, bivalves, 
and intraclastic carbonates. Sedimentary structures include wave ripples, cross stratification, and 
parallel lamination. These beds typically show coarsening upwards and can range in thickness 
from mm to 1 m thick. They are often laterally continuous along the margins of Lake Uinta. 
This facies association contains deposits of: F11 – non-skeletal limestone and F12- 
skeletal limestone. Both facies are carbonate grainstones that typically are deposited in well-
sorted beds. The shoals are often interbedded with littoral to sublittoral claystone and mudstone 
and are laterally associated with carbonate shoreline mudstones and fluvial deltaic deposits. 
Shoreline sandstone facies are closely related, and commonly interbedded with this facies 
association. In many places, microbial carbonates overlie the skeletal and non-skeletal carbonate 
grainstones.  
FA3 indicates a higher energy depositional environment along a carbonate ramp in the 
littoral zone of the lake. Pisoid and oncoid deposits are indicative of high energy, heavily 




presence of this facies suggests active wave and wind driven current along the margin of the 
lake. The carbonate grainstones described here could have been deposited in several settings; 
high energy shore-parallel carbonate shoals, shallow high energy shoreface areas, or as storm 
deposits resulting from currents redepositing material into deeper, lower-energy littoral areas 
(Milroy and Wright, 2002; Mcglue et al., 2010; Tänavsuu-Milkeviciene and Sarg, 2012).  
4.2.4 FA4 Microbial Limestone 
Microbial limestone facies consist of cyanobacteria growth that is observed in both core 
and outcrop. Generally, the microbial beds are thin and can occur in association with rip up clasts 
and grainstones and packstones. This facies association is dominantly comprised of F10 - 
microbial carbonates. It is closely associated and often interbedded with F11 – skeletal limestone 
and F12 – non-skeletal limestone. These facies can be deposited between microbial mounds. 
Microbial facies can also be associated with F13 – finely laminated oil shale. 
FA4 represents carbonate deposition by microbial organisms such as cyanobacteria 
(Riding, 2000) in different environments, each of which have distinctive fabrics as a result of 
differing water depths and energy levels. Finely laminated and clotted carbonates are interpreted 
as stromatolites and thrombolites that were deposited in the deeper littoral to sublittoral zone. 
(Platt and Wright, 1991; Gierlowski-Kordesch, 2010; Tänavsuu -Milkeviciene and Sarg, 2012). 
The domal carbonates are interpreted as stromatolites deposited in shallower, higher energy 
conditions. Finely laminated carbonates interbedded with finely laminated oil shale (F16) are 
interpreted as microbialites deposited in the deeper sublittoral to shallow profundal zone. 
4.2.5 FA5 Delta Deposits 
Facies Association 5 is a fluvial deltaic deposit containing channel form sandstones with 




Sandstone body thickness can range from 1 m to 7 m. In places sandstone bodies can be 
bioturbated and contain ostracod grains, as well as non-skeletal carbonate grains. The sandstone 
bodies are laterally discontinuous. Grain sizes in these deposits range from fine to medium-
grained subangular clasts that are moderately to well sorted.  
Facies Association 5 is composed of: F2 – laminated mudstone and siltstone, F3 – wave 
ripple laminated sandstone, F4 – current ripple cross-laminated sandstone, F5 - plane parallel 
laminated sandstone, F6 – cross-stratified sandstone, F7 – hummocky swaley sandstone, F8 – 
structureless sandstone, and F9 - conglomerate. FA5 can be divided into three main subgroups 
representing different depositional types based on facies types. 
4.2.6 FA5.1 Mouth Bar 
FA5.1 deposits are made up of F2 – laminated mudstone and siltstone, F3 – wave ripple 
laminated sandstone, F4 – current ripple cross-laminated sandstone, F5 - plane parallel laminated 
sandstone, F6 – cross-stratified sandstone, F8- structureless Sandstone, and F9 - conglomerate. 
Packages can be either sharp-based or gradational-based with no upward grain size trend or 
coarsening up grain size trends. 
FA5.1 deposits are interpreted as being deposited by a prograding delta front when 
gradational contacts occur. Sharp contacts indicate deposition on an erosion surface formed from 
a flood (Schomacker et al., 2010, Tӓnavsuu-Milkeviciene and Sarg, 2012). 
4.2.7 FA5.2 Channel 
FA5.2 deposits are made up of laterally discontinuous bodies of sandstone or heterolithic 
sandstone and mudstone. They generally form with scoured bases. This association contains 




laminated sandstone, F5 - plane parallel laminated sandstone, F6 – cross-stratified sandstone. 
Interbedded sandstone and F2-laminated mudstone and siltstone make up the heterolithic fill. 
These deposits are interpreted as the channels that are formed as a distributary network 
within the delta system (Schomaker et al., 2010; Tӓnavsuu-Milkeviciene and Sarg, 2012). Bodies 
of coarser sandstone are interpreted as being more proximal deposits and finer and heterolithic 
deposits indicating more distal deposits (Schomacker et al., 2010). 
4.2.8 FA5.3 Turbidites 
FA5.3 deposits are generally made up of a fining up succession that contains F2 – 
laminated mudstone and siltstone, F3 – wave ripple laminated sandstone, F4 – current ripple 
cross-laminated sandstone, F5 - plane parallel laminated sandstone, and F6 – cross-stratified 
sandstone,  
FA5.3 deposits are interpreted as delta front turbidites from their fining up sequences and 
the close association with Mouth Bar (FA 5.1) and Channel (FA 5.2) deposits. These deposits are 
likely created from hyperpycnal flows coming off the delta fronts (Tӓnavsuu-Milkeviciene and 
Sarg, 2015).  
4.2.9 FA6 Littoral and Sublittoral Siliciclastics 
FA6 deposits are made up of silt to very fine-grained siliciclastic material. Beds are 
generally laminated and well sorted. This facies is related genetically to fluvial systems entering 
the basin and the deposition of finer material further lakeward as energy decreases.  F1 – 
laminated mudstone and siltstone, F2 – laminated mudstone and siltstone, F3 – wave ripple 
laminated sandstone, F4 – current ripple cross-laminated sandstone, Soft sediment deformation is 




These siliciclastic deposits are interpreted to have been deposited proximal to siliciclastic 
sources. The common soft sediment deformation is indicative of high rates of deposition and 
loading either from mass movement deposits or wave action. The facies in this association 
indicate deposition in the littoral to sublittoral zone. 
4.2.10 FA7 Oil Shale 
This facies association consists of finely laminated organic-rich oil shale. FA7 represents 
deep lake environments. Colors can range from light tan to black, with lighter colors indicating 
moderate to low richness and darker colors indicating a higher organic richness. FA7 is 
comprised of: F13 – finely laminated oil shale, F14 – illitic oil shale, F15 laminated-silt rich oil 
shale, F16 – wavy laminated oil shale, F17 – soft sediment disturbed oil shale and F18 oil shale 
breccia. FA7 is laterally associated with all other facies associations.  
FA7 is interpreted as the pelagic fallout of sediment in the profundal zone. The dominance of 
mud indicates that deposition of this facies association occurred in low energy environments. 
The presence of F16- wavy laminations F17 – soft sediment disturbed oil shale and F18- oil 





CHAPTER 5: OUTCROP AND LOG STRATIGRAPHY 
This chapter discusses the identification of the Green River Formation stratigraphic units in 
outcrop as well as in the subsurface from electric well logs. Subsequently, regional mapping of 
the subsurface in the Uinta basin is addressed and results are displayed. Using the cores and 
outcrop, formation tops and markers were extended into the basin using subsurface well log data 
from 74 wells that have Green River penetrations through the entire section.  
This study uses a combination of methods to subdivide the Green River Formation. The main 
method used, relies on the Lean-Rich characterization that was implemented in Tӓnavsuu-
Milkeviciene et al. (2017). This characterization was combined with more formal formation tops 
that are used by oil and gas companies in the subsurface. To better understand the lake 
development and its relationship to the lake types that were implemented by Tӓnavsuu-
Milkeviciene et al. (2017), the section was divided into four main units. These Units are as 
follows: Uteland Butte, Wasatch Tongue, Lake Stage 1, Lake Stage 2, Lake Stage 3, Lake Stage 
4, Lake Stage 5. The boundary markers and units are explained in the following sections.  
5.1 Wasatch Formation 
The lowest stratigraphic unit discussed here is the Wasatch Formation which is  is exposed as 
a resistant sandstone at Raven Ridge along the White River (Figure 5.1). Distinct lenticular 
channel sandstone bodies can be identified and sedimentary structures including cross lamination 
and cross bedding are present. The Wasatch is comprised of mudstone and siltstones (F1), as 
well as sandstone facies including current rippled cross laminated sandstones (F4), plane parallel 
laminated sandstones (F5), and cross stratified sandstone (F6). The Wasatch sandstones are 




the Wasatch and Green River Formation is gradational but can be sharp. Contorted beds suggest 
that the channels were located close to the lake margin (Borer, 2016). 
In subsurface, the top of the Wasatch is commonly associated with a high gamma ray spike, a 
drop in the volume of dolomite, and an increase in the volume of quartz (Figure 5.2).  
 
 
Figure 5.1: Wasatch-Green River contact. Wasatch channel lenses cropping out in the lower part 
of the White River section of Raven Ridge. Dashed line indicates contact between Wasatch and 
Uteland Bute. Wasatch is below dashed line and Uteland Butte is above. 
 
5.1 Uteland Butte Formation 
The Uteland Butte interval is defined here as extending from the top of the Wasatch, to the 
base if the Wasatch Tongue. These markers are used for their consistency across the study area, 


















Figure 5.2: Enlarged correlations between 43047543540000 to illustrate the nature of tops 
picked. Track one is gamma with 0 API on the left and 200 API on the right. Track two is depth 
in feet. Track three is Resistivity on a logarithmic scale, 0.2 on the left and 2,000 ohms on the 
right. Track 4 is density in red, and neutron in blue. Note the scale for track 4 is 30 on the left 
and -10 % on the right. Track five is the RHOmaa-Umaa calculated volume mineralogy with a 
scale of 100% on left and 0% on right. The four mineral components sum to 100%. Grey is clay, 
yellow is quartz, blue is limestone, and purple is dolomite. Shading represents units and rich and 
lean zones. Purple is the Uteland Butte, yellow is the Wasatch Tongue, and blue is the Long 
Point. 
 
The top Wasatch is characterized by a large gamma ray high and a decrease in dolomite. The top 
Uteland Butte occurs at the top of a unit of high dolomite and calcite volume and low gamma ray 
values. The Wasatch Tongue shows a decrease in dolomite volume. The Long Point bed is 
regionally correlative and occurs between two high gamma spikes and has high neutron porosity 














between the Wasatch and the Uteland Butte interval is shown as an increase in carbonate 
deposition that is associated with the first lacustrine transgression. There is very little siliciclastic  
input in the basin center during this time. The Uteland Butte Unit has a consistent thickness into 
the basin center with a maximum thickness of over ~83 m (~250ft). 
The Uteland Butte unit is characterized by >50% of calcite and dolomite. This unit is 
dominated by a suite of profundal facies, and is dominantly made up of carbonates, shale, and 
mudstones. In subsurface this unit is often a horizontal target within the deeper parts of the basin. 
In the Lower White River section at Raven Ridge (Figure 5.3), it is made up of alternating shales 
and carbonate beds. During the Uteland Butte time, Lake Uinta was fresh which is indicated by 
the presence of gastropods, bivalves, and ostracods within the formation.   
 The Uteland Butte is a unit of dolomite rich basin centered lacustrine deposits 
overlain by Wasatch-type sediments (Johnson, 1984). This member is considered the base of the 
Green River Formation. It is the first major transgression of Lake Uinta. It is a freshwater 
lacustrine deposit (Logan, 2015). The Uteland Butte is overlain by a siliciclastic package which 
is termed the Wasatch Tongue on the eastern side of the Uinta basin. Within the Uteland Butte, 
there are abundant of bivalves, gastropods, and ostracods that are typical in a freshwater 
lacustrine system. The Uteland Butte is dominantly composed of carbonate and organic rich 
shales. At Raven Ridge, the Uteland Butte is made up of lacustrine mud/siltstones.  
The Uteland Butte is 15 m thick at the White River outcrop at Raven Ridge. It is comprised 
of mudstone and siltstones (F1 and F2), as well as carbonate facies including non-skeletal (F11) 
as well as skeletal limestone (F12). It consists mainly of limestone, dolomite, organic-rich 
calcareous mudstone, siltstone, coquina, and small sand bodies. The majority of the beds are 





Figure 5.3: A) Uteland Butte lacustrine mudstones. 1.5 m Jacob staff for used for scale. B) Grainstone bed from top of photo A 





The Uteland Butte is highly cyclical with cm scale changes in outcrop. Overall, the member 
coarsens upwards with coarser grainstones replacing the mudstones lower in section (Figure 5.3). 
The presence of ostracod and mollusks in the Uteland Butte Member had led to the interpretation 
that this unit was deposited in relatively clear and fresh lake waters, which have little clastic 
input (Picard, 1957). The top of this member marks the transition from the first lacustrine phase 
of paleo Lake Uinta back to an alluvial depositional environment, which in the east of the basin 
is termed the Wasatch Tongue.  
On gamma ray logs the Uteland Butte is characterized by a symmetrical, gradual decrease in 
gamma ray until the middle of the interval followed by a gradual increase and then a sharp 
decrease at the top (Figure 5.2). The resistivity log rises to a peak at the base, decreases toward 
the middle of the unit and then increases toward the top of the Uteland Butte. The porosity 
declines throughout the interval in the more proximal wells; in wells that are more distal the 
porosity begins to climb again after the middle of the unit. The density log is very consistent for 
the entire interval with small variation. 
5.2 Wasatch Tongue 
The Wasatch Tongue is defined here as extending from the top of the Uteland Butte, to the 
top of the Wasatch Tongue. The transition between the Uteland Butte and the Wasatch Tongue is 
shown as an increase in siliciclastic deposition marking a brief regression of Lake Uinta. There is 
very little carbonate deposition in the profundal portions of the basin during this time. The 
Wasatch Tongue Fluvial siliciclastics continued to fill the basin as Lake Uinta began to recede. 
These deposits contain floodplain sedimentation and are predominately made up alluvial 




The Wasatch Tongue unit is characterized by over 50% net-to-gross ratio (NGR), the total 
sum of footage with more than 10% silicate volumetrically divided by the total thickness of the 
interval, of siliciclastic deposition in the northeastern portion of the study area. This unit is 
characterized by a suite of littoral to sublittoral facies and is dominantly made up of shales and 
sandstone channels. In the Lower White River section at Raven Ridge it is made up of silty 
shales with discontinuous sandstone channels.  
At Raven Ridge, the Wasatch Tongue outcrops as siliciclastic siltstone and mudstones. This 
unit is roughly 45 m thick and is predominately made of alluvial plain red to brown mudstones. 
There are small discontinuous channels that are interbedded in the mudstones that are 50 to 100 
cm thick and 10 -15m in width. It is comprised of homogeneous mudstones (F1), finely 
laminated mudstones (F2), and cross stratified sandstones (F6). 
The Wasatch Tongue thickens slightly into the basin center to a maximum thickness of ~168 
m (~550ft). In subsurface the Wasatch Tongue is identified by a dominantly silicate volume 
percentage along the eastern margins of the study area, and a dominantly shale volume 
percentage in the western basinward portion of the study area. The Wasatch Tongue along the 
eastern margin displays low porosity values, and the gamma ray often consists of thin beds of 
low gamma sand interbedded with high gamma shales (Figure 5.2).  
5.3 Lake Stage 1 
Lake Stage 1 is defined here as extending from the base up the Long Point Bed, to the top of 
the R1 marker. These units were defined by Tӓnavsuu-Milkeviciene et al. (2017) and indicate a 
major transgression of a fresh lake. Oil shales within the zone are illitic and commonly contain 
ostracods. The transition from the Wasatch Tongue and Lake Stage 1 is marked by an increase in 




Lake Stage 1 is broadly equivalent to the Garden Gulch Member which is a widely accepted 
naming convention used throughout the basin. This interval is characterized by deepening 
upward facies cycles. Lake Stage 1 thickens into the basin. A major thickening is seen in E-W 
cross sections with a maximum thickness of ~457 m (~1500 ft) (Chapter 6). The upper boundary 
of Stage 1 is marked by an increase in siliciclastic input along the eastern margin of the basin.   
5.3.1 Long Point 
The Long Point bed overlies the Wasatch Tongue and is a carbonate bed that represents a 
transgression throughout both the Uinta and Piceance basins (Johnson, 1985). The pick for the 
Long Point is interpreted to represent the top of the Castle Peak interval. Correlations in cross- 
sections A-A’ and B-B’ (Chapter 6) show it to be equivalent to the Long Point Bed at White 
Face Butte and Raven Ridge. This bed at White Face Butte is composed of a skeletal grainstone 
(F12) comprised mainly of ostracods and gastropods (Hogan, 2015). In the subsurface, the Long 
Point Bed is defined by two high gamma peaks and has high neutron porosity. The calculated 
mineralogy also shows that 80 to 100% of this interval is carbonate material 
5.3.2 Black Shale (R0) 
The Long Point bed is overlain by the Black Shale facies, an organic rich claystone unit 
(Picard, 1955, Johnson, 1984, Hogan, 2015). It is made up of a thick deposition of organic rich 
mudstone that contains a high amount of dolomite and minor sands. It is comprised of 
homogenous mudstones (F1), laminated mudstones (F2), non-skeletal packestones (F11), and 
skeletal grainstones (F12). The Black Shale represents a time when lake level was high. This 















Figure 5.4: Enlarged correlations between 43047543540000 to illustrate the nature of the tops 
picked. The R0 (Black Shale) interval has a relatively narrowly varying gamma, high neutron 
porosity value, and low density value of mainly carbonate material and shale. The L0 interval 
has very little volume silicate percentages but dolomite volumes are low, and gamma ray 
signature is high. The R1 interval displays an increase in dolomite. The L1 intervals shows a 
calculated mineralogy with less dolomite than R1. The R2 interval shows a slight increase in 
dolomite with an increase in neutron porosity. The L2 interval shows a decrease in dolomite 
volume percent. There is a higher dolomite percentage for the R3 interval. The L3 interval has an 
increase in silicate and decrease in dolomite. Green shading represents Rich Zones, and grey 













In the outcrop, the Black Shale is a dark grey to black shale with high organic content. The 
facies can vary between mudstone and shale, and can be highly laminated (Hogan, 2015). There 
are some fine-grained sandstone beds that are sporadic and discontinuous. At Raven Ridge the  
 black shale is made up of oil shale that consists of very finely laminated (papery) dark brown to 
black beds, which smell petroliferous when fresh. 
In the subsurface, the unit is denoted by an overall low gamma ray signature and has a high 
neutron porosity value (Figure 5.4). The unit is also primarily composed of carbonate material 
and shale with very little silicate input as seen in the mineral volumetric curves. The most 
diagnostic characteristic is seen on the gamma ray trace with a sharp ‘Z’ shape in the trace with a 
decreasing trend followed by a sharp positive kick that, in some wells, forms a high peak. This 
trend is commonly mirrored by the resistivity curves. The Black Shale is also fairly easy to 
correlate using the neutron porosity log; typically, it is identified as a step decrease at the top of 
the interval. This corresponds to the low gamma and high resistivity response at the top of the 
interval. The bulk density logs are not useful for picking this horizon as they have very little 
character and features are not correlative (Figure 5.4).  
5.3.3 Lean Zone 0 (L0)  
Lean Zone 0 (L0) overlies the Black Shale (R0) and is the first lean succession of the rich 
and lean intervals. It consists of laminated mudstones (F2) and silt rich oil shales (F15). In 
subsurface logs it is identified by a decrease in calcium and dolomite calculated in the 
deterministic model. This lack of carbonate mineral indicates an increase in siliciclastic input 
that is seen in outcrop as well as by an increase in shale. In the standard triple combo log suite, 
the gamma response does not show a “clean” response which would be expected with an 




reading low (Figure 5.4). In both North- South and East-West cross sections, this unit thickens 
into the basin.  
5.3.4 Rich Zone 1 (R1)  
Rich Zone 1 (R1) overlies L0 and represents a decrease in siliciclastic input. It is identified in 
subsurface logs by a low DPHI. It consists of laminated mudstones (F2) and finely laminated oil 
shale oil shales (F13). The interval is dominantly composed of dolomite. The volume of dolomite 
decreases towards the top of the interval as it transitions into the L1. A density porosity spike at 
the top of the interval indicates the top of R1 and base of L1 (Figure 5.4). 
5.4 Lake Stage 2 
Lake Stage 2 is defined here as extending from the top of the R1, to the top of the L3. These 
units are defined by Tӓnavsuu-Milkeviciene et al. (2017). Lake Stage 2 is equivalent to the 
Lower Douglas Creek Member. This period is marked by an increase in siliciclastics into the 
basin. 
The Lower Douglas Creek Member is composed of littoral and alluvial deposits including a 
diverse suite of carbonates and large fluvial siliciclastic systems (Young, 1995). The Douglas 
Creek Member is a siliciclastic rich member which outcrops in the Upper White River section.  It 
is made up of small scale, discontinuous sandstone bodies. It is mostly sandy with silty clays 
with some interbedded carbonates. High heterogeneity is observed in the Douglas Creek Member 
throughout all Green River Formation depositional localities (Cashion, 1967). 
5.4.1 Lean Zone 1 (L1)  
Lean Zone 1 (L1) overlies R1 and represents an increase in siliciclastics. An increase in shale 




shows a calculated mineralogy with a large decrease in dolomite compared to R1. Neutron 
porosity decreases from the top of R1 to the top of L1. 
5.4.2 Rich Zone 2 (R2)  
Rich Zone 2 (R2) overlies L1 and represents a decrease in siliciclastic input. It consists of 
finely laminated oil shales (F15). It is identified in the subsurface by an increase in calcite and 
dolomite in the marginal areas, while it is dominantly made up of shale in the deeper basin 
center. In outcrop, this unit is primarily mudstone. Neutron porosity increases from the top of L1 
to the top of R2. 
5.4.3 Lean Zone 2 (L2)  
Lean Zone 2 (L2) overlies R1 and represents an increase in siliciclastics. It most easily 
identified in subsurface by its high density. It consists of laminated mudstones (F2). The density 
porosity character is extremely apparent in the marginal wells, but it begins to decrease as the 
wells become more basin centered. Mineral volumes within this interval are dominantly made up 
of siliciclastics and calcite with some dolomite. The volumes begin to shift to more shale as the 
wells become more basin centered.  
5.4.4 Rich Zone 3 (R3)  
Rich Zone 3 (R3) overlies L2 and represents a decrease in siliciclastic input. It consists of 
laminated mudstones (F2) and silt rich oil shales (F15). Density porosity within this interval is 
relatively low at the top, but the main identifying feature of the interval is the increasing density 
porosity with depth. There is not a large increase in dolomite from L2 to L3, but the increase in 
dolomite volume found at the base of this interval is another feature that is consistent from the 




5.4.5 Lean Zone 3 (L3)  
Lean Zone 3 (L3) overlies R2 and represents an increase in siliciclastics. The top of the L3 is 
equivalent to the Lower Douglas Creek top that is widely used throughout the basin by multiple 
operators. It consists of laminated mudstones (F2) and current ripples sandstones (F4). This 
increase in siliciclastics is represented by a dominant volume assemblage of quartz and shale 
within the interval. RHOB is consistent across the interval. Another indicative character of the 
L3 top is low gamma peaks that occur throughout the interval. These peaks often correspond to 
an increase in silicate volume based on the deterministic model.  
5.5 Lake Stage 3 
Lake Stage 3 is defined here as extending from the top of the L3, to the top of the L5 (Figure 
5.5). These units are defined by Tӓnavsuu-Milkeviciene et al. (2017) and indicate a highly 
fluctuating lake. The highly cyclical nature of the units, that are only several meters in scale 
indicate that the lake is unstable and highly fluctuating. Lake Stage 3 roughly equivalent to the 
Upper Douglas Creek interval.  
Lake Stage 3 begins as an overall shale dominated system with littoral and sublittoral oil 
shales across the study area. The upward deepening cycles within the interval increase in 
richness with the volumes of calcite and dolomite increasing towards the top of the interval. Lake 
Stage 3 thickens slightly into the basin. A thickening of ~76 m (~250 ft) is seen in E-W cross 
sections (Chapter 6). The overall thickening is seen in an increase of shale deposition between 
the L4 and R4 moving into the basin. 
5.5.1 TGR3 
The TGR3 Marker (Figure 5.5) was first defined by Baker and Lucas (1972). It is placed 




area. It is widely used in industry and marks the general boundary between the upper and lower 
portion of the Green River Formation.  
The TGR3 in logs is most often identified by an 8-15 m (25-50 ft) blocky gamma ray 
package that is associated with a DPHI spike and resistivity spike. The package is dominantly 
made up of dolomite and limestone. It consists of and illitic oil shales (F14). 
In outcrop the marker is not present which is most likely due to the shift from carbonate 
deposition to siliciclastic deposition along the eastern margins of the basin.  
5.5.2 Rich Zone 4 (R4)  
Rich Zone 4 (R4) overlies L3 and represents a decrease in siliciclastic input. The R4 is a 
correlative unit within the Douglas Creek Member that is easily traced across the basin. It is easy 
to pick in most wells with a prominent increase in porosity being the most identifiable feature. In 
addition, the gamma and density traces also offer reliable picks changing in character from noisy, 
low amplitude cycles below the TGR marker to relatively higher and uniform signals above the 
marker (Figure 5.5).  
The R4 Zone contains the TGR3 marker which is easily distinguishable feature and is 
consistent throughout most of the subsurface. The whole of the R4 contains carbonate beds that 
are easily correlative as well. These beds are made up of finely laminated oil shales (F13) and 
wavy laminated oil shales (F16). Between the top of R4 and the TGR3 there is a signature 
increase in density porosity that is noted throughout the study area. Calcite and dolomite make 
up a large mineral percentage in the interval. The dolomite volume increase towards the top of 













Figure 5.5: Enlargement of 43047543540000 to illustrate the nature of the unit tops picked. The 
L3 top is picked at an increase in neutron porosity. The TGR3 Marker interval shows a blocky 
gamma ray character with a high dolomite volume. The top of R4 is chosen based on the 
resistivity shift to the right, and R4 is dolomite rich. The L4 interval shows an abrupt decrease in 
dolomite. The R5 interval is marked by a consistent resistivity and an increase in dolomite. The 
L5 interval displays an increase in silicate, but still has significant amounts of calcite and 
dolomite. The R6 top is chosen based on the neutron density shift to the left. The interval from 















5.5.1 Lean Zone 4 (L4)  
Lean Zone 4 (L4) overlies R4 and represents an increase in siliciclastics. It consists of 
laminated mudstones (F2), cross stratified sandstones (F6), and silt rich oil shales (F15). The 
siliciclastics take the form of shale which is a large portion of the mineral volume within the 
interval. Above and below this interval carbonates are the dominant mineral percentage, while 
the L4 is dominantly shale. This trend is identifiable across the basin. The L4 interval thickens 
considerably from the margin into the basin. Gamma ray signature is driven by the increased 
shale content and is visibly higher or “hotter” than the intervals above and below.  
5.5.2 Rich Zone 5 (R5) 
Rich Zone 5 (R5) overlies L4 and represents a decrease in siliciclastics. In the subsurface this 
interval is characterized by a high gamma with a low DPHI that increases towards the base of the 
interval. It consists of microbial limestones (F10), non skeletal limestones (F11), and finely 
laminated oil shales (F14).  Dolomite and some minor calcite make up the bulk of the mineral 
volumetric assemblage from the deterministic model. Dolomite volumes decreases towards the 
top of the interval and small percentages of silicate occur as it transitions to the L4. The decrease 
in dolomite and increase in silicates can be seen in the porosity, which is high at the bottom and 
begins to decrease towards the top.  
5.5.3 Lean Zone 5 (L5)  
Lean Zone 5 (L5) overlies R5 and represents an increase in shale. The transition from R5 to 
L5 is visible with the small increase in silicates in L5. It consists of laminated mudstones (F2), 
and silt rich oil shales (F15). In L5, much of the silicates have been replaced by shale. The R5 




towards the base of the interval. The top is at the base of an increase in dolomite and major 
increase in density porosity. 
5.6 Lake Stage 4 
Lake Stage 4 is defined here as extending from the top of the L5, to the top of the L6. These 
units are defined by Tӓnavsuu-Milkeviciene et al. (2017) and indicate another major lake 
transgression. It marks a period a lake rise that is seen in the form of more laterally continuous 
depositional units compared to Lake Stage 3. Along the basin margin, deltaic siliciclastic (FA5) 
including wave rippled sandstones (F3) and cross stratified sandstones (F6) begin to be replaced 
by sublittoral and littoral siliciclastics(FA6) including laminated mudstones and siltstones (F1) 
and laminated silt rich oil shale (F15).  
Overall siliciclastic volumes decrease across the study are and are replaced with higher 
percentages of shale and calcite. This change in mineral volumes suggests an overall increase in 
lake level rise.  
Lake Stage 4 thickens slightly into the basin. A thickening of ~30.5 m (~100 ft) is seen in E-
W cross sections. The overall thickening is seen in an increase of shale deposition between the 
L6 and R6 moving into the basin. The overall consistency throughout this interval indicates that 
this stage of the lake was relatively stable.  
5.6.1 Rich Zone 6 (R6) 
Rich Zone 6 (R6) overlies L6 and represents a decrease in siliciclastic input. It consists of 
finely laminated oil shale (F13) and laminated silt rich oil shale (F15). The shales in this interval 
can be blue in color which indicates high TOC (Figure 5.6). In subsurface the top of this interval 
is identifiable across the study area. A resistivity spike that is associated with a density porosity 




dominantly dolomite. There is a shift to higher shale volumes to more dolomite just above the R6 
top.  
5.6.2 Lean Zone 6 (L6) 
Lean Zone 6 (L6) is a lean oil-shale that contains some dolomite. It consists of laminated 
mudstones (F2), planar laminated sandstones (F6), and silt rich oil shales (F15). This zone is 
evident by a low gamma with two high gamma peaks that determine the base and top of L6 
(Figure 5.5) 
5.7 Lake Stage 5 
Lake Stage 5 is defined here as extending from the top of the L6, to the top of the Mahogany 
Bench. These units are defined by Tӓnavsuu-Milkeviciene et al. (2017) and indicate a high lake. 
This stage is marked by a thick, laterally continuous, rich profundal oil shale. Stage 5 contains 
the R7, also known as the Mahogany zone. This zone is correlative across the entire Uinta basin, 
and across the Douglas Creek Arch into the Piceance basin. 
5.7.1 Mahogany 
The Mahogany bed is a marker across the entire basin. This is a highly organic unit that 
consists of thinly laminated carbonates and clays. During this time, Lake Uinta was at its highest 
level and is interpreted to be highly stratified resulting in preservation of an abundance of 
organic matter. It consists of finely laminated oil shales (F13), Illitic oil shales (f14), wavy 
laminated oil shales (F16), soft sediment disturbed oil shales (F17), oil shale breccias (F18) and 
tuffaceous sandstones (F19). 
The Mahogany marker is usually a prominent feature (Figure 5.6) that is easily distinguished 
on both gamma ray and resistivity logs. Typically, there are two high gamma peaks associated 




this peak varies across the basin, it typically has the greatest amplitude resistivity peak and the 
highest gamma peaks; as such, it is easily traceable across long distances and can be easily 






Figure 5.6: A) Laminated silt rich oil shales under finely laminated oil shale in the Mahogany Marker. B) Outcrop expression of finely 






CHAPTER 6: CROSS SECTIONS AND SUBSURFACE MAPPING 
The goal was to tie the subsurface mapping to key wells with identified facies to better 
understand lateral facies changes. Maps generated are: mineral percentage thickness maps based 
on the Deterministic Model. Each mineral assemblage was mapped out separately to show how 
the mineral volume changed spatially across the basin. Final maps combined each of the four 
mineral volumes per stage into a combined facies model map.  
6.1 Cross Sections 
Seven sub-regional cross sections have been constructed. These cross sections have been 
divided into the stages previously described. A total of 74 wells were used in the cross section in 
conjunction with the outcrop data (Figure 6.1, Appendix B). Three dip oriented cross sections, 
and five strike oriented cross sections were constructed to tie the eastern outcrop descriptions 
into the subsurface. All cross sections use the Mahogany Marker as a datum, which is widely 
correlative and interpreted to have formed during a high like level across both the Uinta and 
Piceance lake systems.   
In order to more easily discuss the calibration of facies, the cross-sections have been divided 
into seven main intervals that represent major depositional shifts. The intervals are as follows: 
Uteland Butte, Wasatch Tongue, Lake Stage 1, Lake Stage 2, Lake Stage 3, Lake Stage 4, and 
Lake Stage 5.  These main intervals are subdivided into smaller units, using the markers 
described previously in Chapter 5. 
6.1.1 East West Cross Sections 
Cross-section A-A’ (Figure 6.2), B-B’ (Figure 6.3), and C-C’ (Figure 6.4) can be considered 




Ridge towards the basin center. The majority of units thicken towards the basin center with the 
greatest thickening of section occurring within the Lake Stages 1 and 2, from about 140 feet at 
Raven Ridge to nearly 900 feet at the 11-28-4-2E well. The units within these intervals show that 
the most significant amount of thickening is in the Black Shale Facies unit. There are also 
several horizons that either thin to below resolution or potentially onlap onto the Black Shale 
Facies.  
Strata deposited during Lake Stage 3, Lake Stage 4, and Lake Stage 5 also thicken into the 
basin but not as dramatically. At Raven Ridge Lake Stages 3 through 5 are approximately 189 m 
(620 ft) thick and are nearly 396 m (1300 ft) thick at the 11-28-4-2E well. The majority of this 
thickening occurs in two intervals, the interval between L4 and R4 and from the TGR 3 Marker 
to the R3 oil shale zone.  
6.1.2 North South Cross Sections 
Cross-sections D-D’ (Figure 6.5), E-E’ (Figure 6.6), F-F’ (Figure 6.7), and G-G’ (Figure 
6.8) extend from the northern extent of the study area to the southern end of the study area. 
These lines of section are oblique to strike but contain a dip component as they are at the 
northeastern margin of the basin. From east to west, these cross sections move from the littoral 
and sublittoral regions of the lake into deeper profundal parts of the lake.  There is evidence of 
thickening towards the south that correlates to the most basinward position for the majority of 









Figure 6.1: Base map showing townships, section, and the location of the wells, used in the cross-sections. Wells listed by name. 























Figure 6.2: Cross Section A-A’. The northern most dip cross section in the study area. It extends 
from the northwestern portion of the study area to the northeastern portion of the study area. 





















Figure 6.3: Cross Section B-B’. The middle dip cross section in the study area. It extends from the western portion of the study area to 


















Figure 6.4: Cross Section C-C’. The southernmost dip cross section in the study area. It extends from the southwestern portion of the 




























Figure 6.5: Cross Section D-D’. The westernmost strike cross section in the study area. It extends 


























Figure 6.6: Cross Section E-E’. The middle westernmost strike cross section in the study area. It extends from the northern portion of 

















Figure 6.7: Cross Section F-F’. The middle easternmost strike cross section in the study area. It 
extends from the northern portion of the study area to the southern portion of the study area 











Figure 6.8: Cross Section G-G’. The easternmost strike cross section in the study area. It extends 
from the northern portion of the study area to the southern portion of the study area and through 







6.2 Silicate Volume 
The area with the thickest accumulation of silicate minerals within the Green River 
Formation was located in the northeastern portion of the study area.  In this entire section, the 
maximum total thickness of silicate volume present was ~365.7 m (~1200 ft). The volume of 
silicate diminished to the south and west, with the lowest volume percentage thickness of less 
than 30.5m (100 ft) occurring along the southern portion of the study area. Of the seven main 
zones making up the entire interval, all but one shows the same thick northeast package. Lake 
Stage 2 (R1-L3) shows very little thickening in any portion of the study area.  
The Uteland Butte interval (Figure 6.9A) of the Green River displays an overall thickening 
from the northern portion of the study area to the southern portion. The silicate volume thickness 
footage exceeds 85.2 m (280 ft) at the north central portion of the study area and thins to less 
than ~6 m (~20 ft) along the southern edge of the study area. The same trend is seen in the NGR 
maps were the values ranged from 80% to 50%. Along the southern edges of the study area, the 
NGR values are 20% and lower.  
The Wasatch Tongue (Figure 6.9B) and Lake Stage 1 (Figure 6.10A) intervals of the Green 
River have a similar depositional character as the base interval. There is a thickening nose from 
the north central portion of the study area that extends almost the entire way to the southern edge 
of the study area. The maximum silicate volume thickness at the northern edge of the nose is ~67 
m (~ 220 ft) and it thins to ~36.5 m (~120 ft) at the southern end. These intervals are much 
thinner at 6 m (20 ft) to 12 m (40 ft) thick in the western part of the study area. As with the base 
interval, the NGR values show a similar pattern with the northern portion of the study having a 
maximum NGR of over 80% and the southern portion of the area NGR values of ~40%. The 






Figure 6.9: A) Uteland Butte Isopach (Wasatch-Uteland Butte) facies map showing high silicate 
deposition in the northeast portion of the study area. B) Wasatch Tongue Isopach (Uteland Butte-










Figure 6.10: A) Lake Stage 1 (Wasatch Tongue-R1) facies map showing silicate deposition in 
the northeast corner and deeper mixed clay of the study area during the fresh lake stage. B) Lake 











Figure 6.11: A) Lake Stage 3 (L3-L5) facies map showing dominant silicate deposition in the 
northeast corner of the study area during the highly fluctuating lake. B) Lake Stage 4 (L5-L6) 









Figure 6.12: A) Lake Stage 5 (L6-Mahogany) facies map showing a moderate amount silicate 
along the margin of the study area. B) Entire Green River (Wasatch-Mahogany) Silicate NGR 








Lake Stage 2 (Figure 6.10B) is the only interval without a thick silicate volume footage in the 
northeast portion of the study area. There is a high in the southwestern portion of the study area 
where the silicate volume footage is ~128 m (~420 ft) thick. It thins considerably to the northeast 
where the silicate volume thickness is ~36 m (120 ft) thick. The average NGR is relatively 
consistent throughout the study at ~10-20%.  
Lake Stages 3, 4, 5 (Figure 6.11 and 6.12) are similar to the other intervals. There is an 
overall silicate volume thick in the northeast corner where average thicknesses are ~122 m (~400 
ft). The interval thins considerably to the south and west, where the silicate volume thickness is 
less than 15.2 m (50 ft). The NGR values are similar and show that the northeast corner has 
~40% silicate, which thins to less than 10% in the south and west.  
6.3 Calcite Volume 
Overall calcite volume thicknesses vary among intervals, but there is an overall trend of 
thickening in the southern portion. The southern portion of the study area contains maximum 
thickness of ~396 m (~1300 ft). The thicknesses decrease to the north where they are as thin as 
15 m (~50 ft). A similar trend is seen in the NGR for the entire Green River Formation. In the 
southern portion of the study area there is over 50% NGR while the northern portion of the study 
area has less than 10% NGR. 
The Uteland Butte (Figure 6.13A) interval of the Green River has the highest NGR across the 
study area with the majority of the southern portion containing between 50 and 80% NGR 
calcite. The center of the study area contains the highest footage of dolomite volume within  
the interval with over ~85 m (~280 ft). The calcite volume footages diminish to the west where 




The Wasatch Tongue (Figure 6.13B) and Lake Stage 1(Figure 6.14A) interval of the Green 
River displays a similar trend to the overall section. There is a thick nose in the southern portion 
of the study area that extends into the center of the study area. The calcite volume footage of this 
nose is between 134 m (440 ft) and 42 m (140 ft) thick thinning to the north. The western, 
northern, and eastern portions of the study area are considerably thinner and have an average 
calcite volume footage of 6-18m (20-60 ft). The NGR contours within this interval match closely 
to the volume footages. The southern nose has a net to gross of 50% to 70% while the remaining 
areas have NGRs of 10% to 30%. 
Lake Stages 1 and 2 (Figure 6.14) show that the most of calcite deposition occurs in the 
southern portions of the study area. During these times, the deposition of calcite in northern area 
is considerably less. In this area calcite makes up less than 20% of the mineral volume.  
During Lake Stage 2 (Figure 6.14B) and Lake Stage 3 (Figure 6.15A), calcite deposition 
becomes more widespread with the northern portion of the study area attaining more than 30% 
volume calcite, and the southern portion of the study area continues to receive much of the 
calcite deposition. In this area, calcite volumes make up over 50% of the mineralogical volume. 
Lake Stage 4 (Figure 6.15B), the rising lake, shows no major change in calcite deposition. 
The areas of deposition continue to form in the southern end of the study area. Volumetrically 
there is a slight decrease though the northern central portion of the study area.  
Lake Stage 5 (Figure 6.16A) is highly dominated by calcite deposition. Along the southern 
margin of the study area there is over 70% NGR of calcite deposition indicating a major change 
chemically within the lake that allowed for the precipitation of calcite across the entire area. The 
increase in calcite is documented across the basin and is associated with a rise in dolomite 






Figure 6.13: A) Uteland Butte Isopach (Wasatch-Uteland Butte) facies map showing calcite 
deposition in the southern portions of the study area. B) Wasatch Tongue Isopach (Uteland 










Figure 6.14: A) Lake Stage 1 (Wasatch Tongue-R1) calcite NGR s map showing the lack of 
calcite deposition in the western portion of the study area during the fresh lake stage. B) Lake 
Stage 2 (R1-L3) calcite NGR map showing little change in calcite deposition from Lake Stage 1 









Figure 6.15: A) Lake Stage 3 (L3-L5) calcite NGR map showing a consistent calcite deposition 
across the study area during the highly fluctuating lake. B) Lake Stage 4 (L5-L6) calcite NGR 











Figure 6.16: A) Lake Stage 5 (L6-Mahogany) calcite NGR map showing the dominant calcite 
deposition during high lake level. B) Entire interval (Wasatch-Mahogany) calcite NGR map 









6.4 Dolomite Volume 
Dolomite thickness volumes vary from interval to interval. The overall dolomite volume 
thickness in the entire Green River Formation ranges from ~60 to 600 m (~200 to ~2000 ft). 
Overall thickness is approximately 240 – 300 m (800-1000 ft) across most of the study area. The 
NGR of the entire Green River shows peaks of 70-85%, but on average the dolomite content is in 
the 20% to 30% range.  
The Uteland Butte (Figure 6.17A) interval of the Green River Formation has the highest 
dolomite NGR of all the intervals. Dolomite volume thicknesses range from 6 to 67 m (~20ft  
to ~220ft). In the western portion of the study area, which corresponds to the deeper basin center 
of the Uinta basin, the dolomite NGR is 70-80%. 
The Wasatch Tongue (Figure 6.17B) and Lake Stage 1(Figure 6.18A) have a dolomite 
volume thickness ranging from 12 m to 100 m (~40 ft to 340 ft). The thicker intervals tend to be 
located in the deeper basin center in the western portion of the study area. The dolomite NGR in 
the Wasatch Tongue and Lakes Stage 1 varies, but there is a consistent high percentage along the 
northern edge of the study area. The values from as low as 20% up to 80% with the average 
varying between 30% and 40%. 
Lake Stage 1 (Figure 6.18A) and 2 (Figure 6.18B) intervals have a combined dolomite 
thickness volume of 30 m to 243 m (~100 ft to 800 ft). The thickest accumulation of dolomite 
occurs along the southern edge of the study area. In this area there is NGR of over 40%. The 
NGR percentages decrease moving east, towards the margin of the basin where they are 
consistently between 10% and 20% 
From Lake Stage 2 through Lake Stage 4 (Figure 6.18B - Figure 6.19B) there is a low net 






Figure 6.17: A) Uteland Butte Isopach (Wasatch-Uteland Butte) dolomite NGR map showing 
high dolomite deposition in the western and southern portions of the study area. B) Wasatch 
Tongue Isopach (Uteland Butte-Wasatch Tongue) dolomite NGR map showing the decrease in 









Figure 6.18: A)- Lake Stage 1 (Wasatch Tongue-R1) dolomite NGR map showing dolomite 
deposition in the southern and center portions of the study area. B) Lake Stage 2 (R1-L3) 










Figure 6.19: A) Lake Stage 3 (L3-L5) dolomite NGR maps showing the overall increase in 











Figure 6.20: A) Lake Stage 5 (L6-Mahogany) dolomite NGR map showing the increased 
dolomite deposition during high lake level. B) Entire interval (Wasatch-Mahogany) dolomite 









shifts from the northeast corner of the study area to the southwestern corner of the study area and 
may be related to drainage patterns from the possible fluvial input in the northeastern corner. 
Lake Stages 3 and 4 (Figure 6.19) have dolomite deposition of approximately 50% across the 
northern portion of the study area.  
Lake Stage 5 (Figure 6.20A) consists of an overall high amount of dolomite across the entire 
study area. This stage is associated with a high lake level, which deposited the Mahogany zone. 
The Mahogany zone contains large amounts of dolomite throughout the basin and is made up of 
cycles of rich and lean oil shales. The volume percentage across the entire area averages over 
50% and is the highest volume compared to all other lake stages except for the Uteland Butte. 
6.5 Mixed Clay Volume 
Mixed clay volume thicknesses show an overall trend of thickening to the west ranging from 
~60 m (~200 ft) at the basin margins on the northeast side of the study area, to ~600 m (~2000 ft) 
in the western basin center portion of the study area. Overall, thicker mixed clay packages occur 
when the remaining mineral assemblages are low. NGR values show similar trends with over 
~70% NGR in the western portion of the study area.  
The Uteland Butte (Figure 6.21A) section has a very localized maximum thickness in the 
north western portion of the study area. The maximum thickness is this area is ~36 m (~120 ft) 
thick with the total mixed clay volume thinning outwards to the margins of the basin and edges 
of the study area. Along the margin there is as little at ~3 m (~10 feet) of mixed clay volume 
thickness. NGR values within this interval are consistent and average ~25% with a small 
increase in NGR in the northwest portion of the study area.  
The Wasatch Tongue (Figure 6.21B) and Lake Stage 1 (Figure 6.22A) show mixed clay 




100 ft) and thicken to ~100m (~340 ft).  NGR vales show similar trends with over ~70% NGR in 
the western portion of the study area.  
Mixed clay volumes thicken to the west in Lake Stage 2 (Figure 6.22B) and Lake Stage 3 
(Figure 6.23A).  These sections thicken from ~30m (~100 ft) of mixed clay volume along north 
eastern margin of the basin and study area to over ~340 m (~1110 ft) in the basin center along 
the western portion of the study area. NGR values through the center of the study NGR values 
through the center of the study area have consistently high NGR values over 60%.  
Lake Stage 4 (Figure 6.23B) and Lake Stage 5 (Figure 6.24A) show a consistent thickening 
across the study area with some thinning to the south. The stages thicken from 5% NGR along 
the southern margin of the study area to 50% NGR in the basin center portion of the study area. 
NGR values within this interval are consistent with an average of 30% to 40% and decreasing 





Figure 6.21: Upper Map- Uteland Butte Isopach (Wasatch-Uteland Butte) facies map showing 
mixed clay deposition across the study area. Lower- Wasatch Tongue Isopach (Uteland Butte-
Wasatch Tongue) mixed clay NGR map showing the increase in mixed clay deposition to the 









Figure 6.22: A) Lake Stage 1 (Wasatch Tongue-R1) mixed clay NGR map showing high mixed 
clay deposition in the western portion of the study area during the transitional lake and fresh lake 











Figure 6.23: A) Lake Stage 3 (L3-L5) and B) Lake Stage 4 (L5-L6) mixed clay NGR showing 











Figure 6.24: A) Lake Stage 5 (L6-Mahogany) mixed clay NGR map showing the decrease in 
mixed clay deposition during high lake level. B) Entire interval (Wasatch-Mahogany) mixed clay 










CHAPTER 7: DISCUSSION 
Lake history interpretations are linked to well log data to create field-wide maps that 
display the deposition of the Green River Formation. A regional depositional model for the 
Green River Formation within the study area is presented in this chapter. Mapping of the major 
units shows a shift in mineral volume deposition that is linked to the development of the lake 
over time. 
7.1 Deposition and Lake Level  
In this study mineral volumes are related to lake level cycles in the Green River 
Formation in the eastern Uinta basin. Previous work on this subject includes Tanavsuu-
Milkeviciene and Sarg (2012), Tanavsuu-Milkeviciene et al (2017); Hogan (2014); Peacock, 
2017; using reference logs from the Uinta and Piceance basin. All these studies have interpreted 
peak carbonate deposition to have occurred during lake level highs and organically lean 
siliciclastic deposition to have occurred during lake level lows. Similarly, in this study, peak 
carbonate deposition has been found to occur during rich zones deposition which correspond to 
lake level highs or transgressions and organically lean siliciclastic deposition occurred during 
lake level lows or regressions. In well logs from the Uinta basin, carbonate rich intervals are 
often associated with GR minimums. Lake level low periods, present in siliciclastic-rich 
intervals, are also generally marked by GR minimums. This makes it difficult to rely on basic 
logs curves alone. By calculating mineral volumes, these packages could be better identified. 
These patterns reflect siliciclastic depositional cycles that are linked to lake level. When lake 
level was high, clastic input was restricted to the littoral margins of paleo lake Uinta and when 




7.2 Depositional Mapping  
Each R-L cycle was mapped across the study area using the available well logs and 
interpreted lake level trends (Fig. 3.1). To model deposition during each R-L cycle, NGR maps 
were created for each event (Figs. 6.9 – 6.24). Each interval displays similar thickness trends in 
depositional patterns from the east to the west. The large California paleo-river supplied 
sediment to the southern margin which the majority of the fluvial deposit volume in the basin 
(Dickinson et al., 2012), but local drainages in the north and eastern portions of the basin 
impacted local deposition. The consistent directional trends in thickness reflect the existence of a 
sediment source to the east/northeast of the study area. However, as can be observed from the 
mineral volume mapping, different lake stages display differing mineral volumes across the 
study area. The change in mineral volumes through time can be explained by two possibilities: 1) 
active tectonic activity over the depositional period, or 2) changing climate over depositional 
period. The first possibility is supported by the fact that the opening and closing of the Uinta 
basin is controlled by Laramide tectonic events. The second possibility is supported by the fact 
that the deposition of sediment within the Green River Formation corresponds with the EECO.  
Gamma-ray-log data in lake deposits can have completely opposite responses to the same 
lithofacies in marine environments (Keighley et al. 2003; Bohacs 2012; Burton et al. 2014, 
Tanavsuu et al., 2017). Interpreting lacustrine data requires more than usual simplistic sand and 
shale models and the whole suite of wireline-log data is best for interpretations (Burton et al. 
2014). 
Using the deterministic petrophysical model, thickness maps of mineral volume percentages 




within the Uinta basin cannot be relied on solely to understand facies, this study helped better 
understand the errors that are associated with relying on just these logs. 
7.2.1 Silicate Volumes 
Past studies (Koesoemadinata, 1967; Borer, 2016) have previously identified the northeast 
corner of the Uinta basin to be a possible clastic input source, and others (Chatfield, 1965; 
Kelly,1992; Picard,1957;1967) have used core and electric logs to also identify the Red Wash 
Field area as a delta front. Sand volume mapping helped to identify a possible feeder area along 
the northeastern margin of the study area. There is an overall trend in thick silicate deposits 
occurring in the northeast portion of the study area.  The major area of deposition is closely 
associated with the field outlines for the Red Wash/Wonsits area (Figure 7.1).  
 
 
Figure 7.1: Enlargement of red outlined study area in Figure 6.12B. NGR of entire Green River 
Formation (Wasatch-Mahogany) displaying a dominant deposition of silicate in the northeastern 
portion of the study area. Black outline identifies general field outline of the Red Wash -Wonsits 
Field which closely follows a high NGR silicate volume trend. Yellow outline marks edge of 





7.2.2 Calcite Volumes 
The mapping of calcite using the deterministic model shows an increase of calcite deposition 
along the southern margins of the study area (Figure 7.2). This relationship is most likely a cause 
of one of two things. This could be due to carbonate shoaling in shallow waters. Silicate grains 
could act as nucleus for ooid formation. These ooid shoals would most likely be near the margins 
of the basin. During arid times when the clastic input decreases, and does not affect the carbonate 
production, the shoals build up and allow for the volume thicknesses that are seen. Another 
possible reason for this increase is associated with sublittoral and profundal environments that 
promote the increased volume of calcite deposition in both rich and lean zones.  
 
Figure 7.2: Enlargement of red outlined study area in Figure 6.16B. NGR of entire Green River 
Formation (Wasatch-Mahogany) displaying an increase in calcite along the southern portion of 






7.2.3 Dolomite Volumes 
The mapping of dolomite volume percentages did not show a relationship between either of 
the previous volume thickness maps. Instead there seemed to be a correlation between deeper 
depths and an increase in dolomite (Figure 7.3). This could be caused be a chemical stratification 
causing dolomite to precipitate at deeper depths within Lake Uinta. There is a correlation 
between Uteland Butte thicknesses and dolomite volume thicknesses. This correlation matches 
previous work that has evaluated the mineralogy of the Uteland Butte. These studies (Logan, 
2015) have used QEMSCAN data to conclude that the majority of the Uteland Butte is 




Figure 7.3: Enlargement of red outlined study area in Figure 6.20B. NGR of entire Green River 
Formation (Wasatch-Mahogany) displaying a dominant deposition of dolomite in the western, 
more basin center portion of the study area. Yellow outline identifies approximate silicate 






7.2.4 Mixed Clay Volumes 
The mapping of mixed clay volume trends fit well into the siliciclastic depositional model 
that is hypothesized within the study area. Mixed clay volumes increase into the basin and thin in 
areas of thicker accumulation of the three other volume percentages (Figure 7.4). As with marine 
systems, it is expected for mixed clay deposition to increase as the system becomes deeper and 
quieter. Input from the hypothesized feeder in the northeast portion of the study area is not 
evident in the western portion area of study.  
 
 
Figure 7.4: Enlargement of red outlined study area in Figure 7.24B. NGR of entire Green River 
Formation (Wasatch-Mahogany) displaying a dominant deposition of mixed clay in the western, 
more basin center portion of the study area. Yellow outline identifies approximate silicate 






7.3 Depositional Model  
Multiple models have been proposed for the deposition of the Green River Formation 
sediment in the Uinta basin (Lundell and Surdam ,1975; Desborough, 1978;  Bohacs, 2000). 
Tectonic activity associated with the formation of the Uinta basin is most likely the cause for 
long term changes, while climate activity likely drove the short-term lake fluctuations. 
The surfaces separating rich and lean zones are important for interpreting lake level 
evolution. The influence of accommodation due to tectonic subsidence and sediment supply play 
a major part in the understanding of relative lake level rise. Extensive mapping of surfaces across 
the study area helped understand relative rise and falls.  
The increase in fluvial sediment is interpreted to represent lake level fall and reduced 
accommodation within the basin. The increase in sediment input would in turn limit the organic 
carbonate production. While a decrease in carbonate production can be associated with increase 
in clastic input, other controls may also affect the amount of carbonate deposition in the system. 
It is possible that there is a lack of overall organic production, or that preservation is decreased 
due to an unstratified basin. When sediment supply was reduced, and accommodation increased, 
low siliciclastic deposition rates would allow for calcite and dolomite production to increase. 
This increase in dolomite deposition is associated with higher lake levels and rich zones within 
the system.  
Through the seven zones mapped within this study area, each contained multiple shifts 
from lean to rich which is documented in the mineral volume of individual wells. When mapped 
Figures 7.5 through Figure 7.8 represent the overall shift in lake level as Lake Uinta progresses 




The Uteland Butte (Figure 7.5A) represents the very early development of the lake. A 
high input of siliciclastics from the northeast indicates that the system is actively eroding and 
depositing sediment. In the sublittoral deeper portion of the lake, there is limited siliciclastic 
input. This is evident due to the high calcite and dolomite volumes in south and west of the 
northeastern siliciclastic input. This indicates that sedimentation is not outpacing 
accommodation. This accommodation allowed for the strong development of carbonate  
The Wasatch Tongue time (Figure 7.5B) marks a decrease in carbonate deposition. This 
indicates that accommodation is reduced, and the fine-grained sediments have stoopped the 
carbonate factory. The increase in mixed clay deposition has replaced a portion of the limestone 
and dolomite present with in Uteland Butte  
Lake Stage 1 (Figure 7.6A) is the second major fresh water transgression of the lake. This 
major transgression is most likely associated with an increase in accommodation during this 
time. Basal units of the Black Shale appear to onlap onto the Wasatch Tongue during this time 
which is consistent with work done by Symcox (2015) in the southwestern area of Lake Uinta. 
An increase in profundal facies and an increase in mixed clay volume also indicate that 
accommodation may have been outpacing sediment supply. The northeast corner of the study 
remains heavily dominated by silicate deposition indicating that the northeast feeder is still 
actively depositing sediment.  
Lake Stage 2 (Figure 7.6B) represents a transitional lake, is characterized by, laterally 
discontinuous deltaic sandstone deposits that are interbedded with microbial carbonates and 
littoral to sublittoral oil shales. While volumetric mapping of silicate shows little to no sand, it is 




transitional lake stage marks where there is an increase in siliciclastic input that is interbedded 
with shallow lacustrine carbonates, as a slow transgression occurs.  
Lake Stage 3 (Figure 7.7A) represents highly fluctuating lake. The input source in the 
northeast portion of the study area again displays high volume percentages of silicate indicating 
accommodation is not keeping up with sediment supply. Carbonate deposition remains high in 
the deeper portions of the basin which indicates that at times siliciclastic sediment supply is 
restricted allowing for carbonate production.  
Lake Stage 4 (Figure 7.7B) represents the rising lake stage. This stage is marked by 
laterally continuous, organic-rich oil shale deposits, indicating an overall increase in profundal 
facies. Through the mineral volume mapping this pattern is evident in the decrease in silicate 
along the northeast portion of the study area, and the increase in mixed clay and dolomite.  
Lake Stage 5 (Figure 7.8A) is defined as a high lake. In this stage, there are still 
siliciclastic marginal lake deposits present, though not as strong as earlier stages. This is not 
common in most areas of the basin, and most likely is caused by continuous input from the 
northeastern source. Stage 5 does contain the highest amounts of dolomite and calcite of all the 
intervals indicates that siliciclastic sediment supply is not strong, and accommodation is high. 
This stage includes the Mahogany zone which can be traced across both the Piceance and Uinta 
basins, suggesting a high lake level. 
The overall interval from Wasatch to Mahogany (Figure 7.8B) mimics the major trends 
evident throughout that stages. An overall dominant sediment source supply is evident in the 
northeast corner of the study area. Moving into the basin, mixed clay and carbonate facies 







Figure 7.5: A) Uteland Butte Isopach (Wasatch-Uteland Butte) facies map showing 
carbonate deposition in the western and southern portions of the study area. B) Wasatch Tongue 
Isopach (Uteland Butte-Wasatch Tongue) facies map showing the decrease in carbonate volumes 


















Figure 7.6: A) Lake Stage 1 (Wasatch Tongue-R1) facies map showing silicate deposition in the 
northeast corner and mixed clay and dolomite in the deeper lake portion of the study area during 
the fresh lake stage. B) Lake Stage 2 (R1-L3) facies map showing the decrease in silicate and 



















Figure 7.7: A) Lake Stage 3 (L3-L5) facies map showing dominant silicate deposition in the 
northeast corner of the study area during the highly fluctuating lake. B) Lake Stage 4 (L5-L6) 
facies map showing the decrease in silicate and increase in mixed clay and carbonate deposition 



















Figure 7.8: A) Lake Stage 5 (L6-Mahogany) facies map showing the dominant carbonate 
deposition during high lake level. B) Entire interval (Wasatch-Mahogany) facies map showing 

















7.4 Red Wash-Wonsits Field Producing Facies 
Oil production from fields located within the Uinta basin is highly variable and is 
controlled by a multitude of factors. All fields in the Uinta basin fall into two main categories: 
fracture accumulation, and stratigraphic accumulations. Fracture accumulation which is located 
further west into the basin in the Altamont-Bluebell fields. Stratigraphic-structural traps make up 
the Red Wash/Wonsits (Figure 7.9) area as well as the numerous smaller fields throughout the 
eastern portion of the basin. The reservoirs that make up these fields are most commonly made 
up of up-dip pinchouts of sand bodies and other reservoir facies. The highly variable 
heterogeneous nature of the Green River Formation driven by its depositional trends creates a 
thick vertical pay column of disconnected reservoir bodies. 
 
Figure 7.9: Isolith of net effective sandstone unit in the Upper Douglas Creek producing interval 
which is equivalent to Lake Stage 1 at Red Wash Field. (Kelly, 1992). Black shading show 
where oil accumulations are present and highlight individual traps caused by the stratigraphic 




Overall there is a correlation between the amount of sand within a given well and its 
capability to produce hydrocarbon, but these reservoir bodies are often not correlable across long 
distances. Lacustrine deltas (both sand and mud prone) grade from shallow-lake muds to ripple-
laminated sandstones to cross-bedded sandstones. In deltaic successions, the upward decrease in 
mudstone is expressed in well logs as an upward decrease in gamma-ray values and bulk density 
and an increase in neutron porosity. 
The Red Wash oil field produces from multiple sandstone reservoirs of the Douglas 
Creek and Garden Gulch members of the Green River Formation. Detailed mapping at Raven 
Ridge by Borer (2016) has identified rocks and facies relationships that are similar to those in 
subsurface in Red Wash/Wonsits Field. The succession is made up of alluvial marginal lacustrine 
and lacustrine rocks including sandstone, pinching out basinwards to the south and west. 
Two depositional facies are present in the Green River Formation in the Red Wash Field: 
marginal lacustrine and open lacustrine. Reservoir sandstones and minor reservoir carbonates 
occur in the marginal lacustrine facies and represent fluvial deltaic and barrier beach 
environments. Shales and mudstones makeup the open lacustrine facies, and act as seals and 
traps when they encase the reservoir facies. 
The Douglas Creek and Garden Gulch members in the Greater Red Wash area were 
deposited in shallow water along the northern margin of Lake Uinta. Detritus was derived from 
the Uinta Mountains to the north. The sediment was brought down to the shore of the lake by 
stream meandering across floodplains.  
The fluvial-deltaic system sediments that were transported from the north towards the 




was formed. The lacustrine delta built up and out over time. Winds and current distributed the 
sands over a broad area. 
Along the shoreline of Lake Uinta in Red Wash, small mouth bars prograded into 
lacustrine shallows at the mouth of fluvial channels. This resulted in a depositional sequence of 
coarsening upwards successions from silty shale into fine to medium grained sandstones overlain 
by fluvial channels. Some of the coarsening upwards sequences are capped by carbonate 
grainstone beds. These grainstones represent periods of wave reworking which most likely 
occurred during a lacustrine transgression.  
The producing sands correlate to light grey sandstones at Raven Ridge that are 
dominantly very fine to fine grained but can contain coarser fractions up to coarse and pebble 
size. In parts of the field the sandstones contain large percentages of silt and clay. The reservoirs 
can vary in sorting for poor to excellent with angular to sub rounded grains. In many places, 
carbonate grains such as ooids make up the reservoir.   
Thicknesses of these reservoir sands can range from three feet to thirty feet and tend to 
thicken towards the west. The sands in the eastern portion of Red Wash tend to be more 
lenticular. Overall permeability and porosity averages are quite high in the Red Wash - Wonsits 
complex, with porosity numbers averaging in the 13-15% and permeability numbers averaging in 
the 75 to 125 millidarcies (Chatfield, 1972).  
Conglomerates have been identified in the Red Wash Field but are rare and difficult to 
map. None were found in the subsurface cores examined within this study, but a conglomerate 
bed was identified in the northern portion of Raven Ridge by Borer (2016). The conglomerates 




of limestone and shales. Carbonate coquinas beds made up of ostracods and ooids and skeletal 
fragments are also present.  
In deeper portions of the basin, carbonate facies begin to make up more of the producing 
facies. These reservoirs are largely associated with the Uteland Butte and Wasatch Tongue times.  
The facies within these lake stages of the Green River Formation are dominantly made up of 
limestone and dolomitic limestone. Most of the limestone beds are ostracodal grain supported 
grainstones and packstones, or mud supported wackestones. These limestones were deposited 
during a time of lake expansion. There is a distinct lack of sandstone through the Uteland Butte 
Member of the Green River Formation. The lack of sandstone within this interval is most likely 
caused by one or a combination of the following situations: (1) the rapid rise in lake level caused 
siliciclastic sediments to be deposited within the proximal setting and confined to the fluvial 
channels, or (2) the main inflow into the lake was far from the eastern portion of Lake Uinta, or 
(3) siliciclastic sedimentation was restricted in proximal regions by some form of entrapment by 
either wave action or barriers. 
 Producing facies within Wasatch Tongue in the western more profundal portion of the study 
area are made up of a mix of carbonate and siliciclastic facies. The interval consists of black 
shale, limestone, mudstone, siltstones, and some sandstone beds. Within this interval, it is the 
sandstone beds that are commonly productive. The sand bodies are often single-story channels 
made up of medium-grained sand grains. These channels are often isolated and cannot be 
connected from wellbore to wellbore due to limited lateral extent. These channels are interpreted 
to be drainage channels over an exposed shelf.  
Moving west into the lake, the Wasatch Tongue is equivalent to the Castle Peak. The Castle 




drilling across the basin.is the next basin wide correlative lacustrine carbonate interval which 
suggests significant lake expansion (Remy, 1992).  
In the westernmost subsurface the Castle Peak is identified by the gamma ray logs which 
have the most distinctive character. The gamma commonly shows a distinctive, moderately high 
three-peaked crown with somewhat lower values above and below. Most notably is the decrease 






CHAPTER 8: CONCLUSIONS 
8.1 Conclusions 
By using a simplified variation of the mineralogical model developed by Cluff et al. (2015), 
and modified by Peacock (2017), it was possible to map the facies changes within the Green 
River Formation both laterally and vertically. This made it was possible to map lithologies deep 
into the basin where core data is sparse and often not publicly available. The mapping of separate 
mineral assemblages helped to identify areas of siliciclastic deposition, which most likely 
associated with a fluvial input t0 the northeast portion of the Uinta basin. 
8.1.1 Subsurface Mapping Conclusion 
• The base of the carbonate marker unit that is interpreted to onlap in the western Uinta 
basin and identified by Symcox (2015) correlates with units that onlap in the eastern 
Uinta basin.  
8.1.2 Mineralogical and Facies Conclusions 
• Increased silicate content in the northeastern portion of the study area coincides with high 
quartz siliciclastic facies in the northern portion of Raven Ridge and indicates a possible 
fluvial point source input in that area.   
• As lake level rises, and transport energy decrease, silicate volumes decrease, and mixed 
clay volumes increase. 
• As lake level rises, calcite volumes decrease, and dolomite volumes increase. 
8.1.3 Red Wash/Wonsits Field Conclusions 




• Cores from field indicate producing reservoir facies are associated with stratified deltaic 
sandstones and shallow lake oolitic grainstone carbonates.  
8.2 Suggested Further Work 
• Use the mineralogical model methods proposed by Peacock to the south and west to 
better identify the mineral volume changes. 
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APPENDIX A: MEASURED SECTION AND CORE DESCRIPTIONS 
 


































APPENDIX B: CROSS SECTION WELL LIST 
Table B.1: Location information for the wells, core, and outcrops included in the cross-section of 
this study. 

























430473411100 FEDERAL 23-29 1 PARIETTE 
BENCH 
39.999829 -109.806169 























430473934800 NBE 4DD-17-9-23 NATURAL 
BUTTES 
40.039887 -109.356842 
430473686700 HATCH 923-15H NATURAL 
BUTTES 
40.037291 -109.306276 
430473686400 HATCH 923-14E NATURAL 
BUTTES 
40.037411 -109.301555 
430473687200 HATCH 923-24A NATURAL 
BUTTES 
40.026252 -109.268246 
430473482500 DIRTY DEVIL 22X-
27 
BONANZA 40.008542 -109.201859 
430473757100 HACKING 
RESERVOIR 7- 
WILDCAT 40.080376 -109.122899 





430473182200 UTE 26 1 WINDY 
RIDGE 
40.108408 -109.843458 



























Table B.1: Continued 





430475224000 RW 8C1-30B RED WASH 40.181604 -109.362027 
430475223400 RW 12B4-27B RED WASH 40.178605 -109.31984 
430475232000 RED WASH 10C1-
23B 
RED WASH 40.192636 -109.294727 
430473030900 RED WASH UNIT 
230 14 
RED WASH 40.204738 -109.262908 
430473158200 RED WASH UNIT 
294(24 
RED WASH 40.204064 -109.259284 
430473094600 WALKER 

















430475310600 WOMACK 3-8-3-1E INDEPENDENC
E 
40.240512 -109.909608 
430473019800 UTE TRIBAL 1-34B 
1 E 
BLUEBELL 40.265197 -109.865058 
430475286700 FD 14-25D-2-1 UNNAMED 40.273837 -109.831872 
430475286800 FD 3-32-2-2 MOFFAT 
CANAL 
40.270658 -109.79494 
430475216300 FD 3-36D-6-19 BRENNAN 
BOTTOM 
40.260983 -109.734484 
430475513400 GUSHER STATE 
15-36-6 
GUSHER 40.249796 -109.614884 
430473739900 WALKER 
HOLLOW NORTH 
RED WASH 40.264248 -109.351972 
430471569400 USA PEARL 
BROADHRST 
RED WASH 40.218853 -109.329695 
430475190400 RW 12D1-25B RED WASH 40.178674 -109.280042 
430472008400 FEDERAL /32-18F/ 
2 
RED WASH 40.124329 -109.254574 
430473723800 NBZ 8D-31-8-24 BIG VALLEY 40.082004 -109.251931 






430473899500 TU 3-35-7-21 WONSITS 
VALLEY 
40.172623 -109.525635 










430473408400 FEDERAL 22-36 CHAPITA 
WELLS 
40.081074 -109.391508 








Table B.1: Continued 
430475239400 AURORA 9-1D-7-19 UNNAMED 40.239162 -109.725839 















430475452300 32-48T-720 THREE 
RIVERS 
40.158178 -109.688381 
430473773000 UTE TRIBAL 35-185 OURAY 40.077964 -109.626796 




















430475128900 UTE TRIBAL 9-3-4-
1E 
WINDY RIDGE 40.161854 -109.861763 
430474058400 UTE TRIBAL 3-8-5-
2E 
PARIETTE 
BENCH 
40.070042 -109.794597 
 
 
